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PREFACE. 


In publisliing tlie following Lectures I have endeavoured 
to preserve the elementary character which they naturally 
assumed in didivery, thiiddng it host to give further 
detail in a series of Appendices. If the hook thus 
assumes less of the character of a cora 2 )letc treatise 
than might he desirable, it gains in value for the 
general reader, inasmuch as the scicnc.c of Spectrum 
Analysis is at present in such a rapid state of growth 
that much of the subject is incomplete, and, therefore, 
necessarily unsuited to the public at large. 1 hope, 
however, that the addition of many extracts from the 
most important Memoirs on the subject may prove 
interesting to all, as it will certainly be useful to those 
specially engaged in seientifie. inquiry, as indicating 
the habits of exact rescai’ch and accurate obseivation 
by which alone such striking results have been attained. 
For the permission to rcpioducc exact eopic's of Kirch- 
liotf’s. Angstrom’s, and Huggins’ maps, t(g('.thcr with 
(lie T.ibl-es of the ])()sitions of the dark solar and bright 
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iiR'tt-illic JiiK's, J liav(i to ihanlv th(‘ iit)ovc‘-iiaiii(*(l 
iii(‘iL Tluw iiin[)s Avill rrji(l(‘r tho Avoi-k valual)l(‘ to tlH‘ 
stiHl(‘iil for a rdrr^'iK'c, Avliilst tlnj ('lu'oinolilhofi;r,‘i])lii(* 
|)lalt‘H o(* ili(* s|)('(*lra of tli(^ of llu*. a-lkaluss 

and alkaliiu' (‘arllis, a-nd of tlio sj)(‘(*l.)‘a of tln^ Htar»s, 
lu'huho, and non-nn*ta.iru*. (d(‘in(‘ntH, k(‘1'V(‘ to ijjivi' houu* 
idea- ol lh(‘ |)(‘(‘idiar l)(aiuiy of Llni ival phciioniciia iluis 
ri'|in‘Scnlo<l, 

Sin<‘(‘ last. Kunnn(*r, wlnai IIkssi', La.ntiiri'y W(‘ri* (lalivoT(‘d, 
onr knowlcdn'a. ol tlu^ ('onstitution of tlio aim cs[K‘da.lly 
lias iuad(‘. jL>'ia.nl. strides, and although 1 Iiavt' Ihmsi 
nnal)l(' t.o inlrodu(M‘> lh(‘S(' uewisst laids into tin* 1i‘>;t- 
ol' the laadiirt'S, 1 ]ia.V(‘ still hroiight forward tin', niosL 
iinporlant of 11 m*s(‘ discoveries in tlu*. A|>|)endi(a*s to 
lii‘e|in’(‘ \\ 

As llu‘ latest, iH‘\\'s on tliis suhj<‘(‘t, 1 niav nuMition the. 
arrangetnind- eontrived hy iMi*. Huggins, hy wliieli the 
woinlerCul ehangi‘S of the red solar proiniiuMiees <*an 
all he viewejl at oiK'e ; changes so (uiorinoiisly rapid 

lhati Mr. liO(*kyt‘r has ohservial one of thi‘S(‘ red solar 

Ihnues, :27,<HM) mih's in haigih, disapp(*ar altogether 
in h‘ss than t.(*n niinules. lafckyer has also 

sue(*(Muli‘d in seeing in the Haines (he red (c) lin(‘ of 
liydrogen, as \vi‘ll as the liiu' in the violel, whicli 
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he tiiitls coiTCSpouila to tlio, line mai'kutl 279C on 
KirchliofF’a map, and not, aa was siipposcd, identical 
with Fraunhofer’s line a. 

At the end of the volume will he found a tolerably 
complete List of Memoii’s forming the literatiu'o on 
the subject. 

My thanks arc duo to J\Ir. J. D. Cooper and Mr. 
Collings for the; very givat care, which they have be- 
stowed upon the, illustrations, and espe'e.ially upon the 
difficult task of rc])roducing Kirehhotl'’s maps in hmr 
tints. 
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enjoyed. So valuable a means of research has this 
new process of analysis proved itself to be, that since its 
first establishment, some seven short years ago, no less 
than four new chemical elements have by its help been 
discovered. 

Not only, however, have we to consider the impor- 
tance and interest which attaches to the subject as 
evidenced by the discovery of these new elementary 
bodies, but we are forced to admit that by the 
application of the simple principles of spectrum analysis 
the chemist is able to overstep the narrow bounds of our 
planet, and, extending his intellectual powers into almost 
unhmited space, to determine, with as great a degree of 
certainty as appertains to any conclusion in physical 
science, the chemical composition of the atmosphere of 
the sun and far distant fixed stars. Nay, he has even 
succeeded in penetrating into the nature of those mys- 
teries of astronomy, the nebulse ; and of ascertaining 
not only the chemical composition, hut likewise', the 
physical condition, of these most distant bodie's. 

It does, indeed, appear marvellous that \vc are now 
able to state with certainty, as the logical sequence of 
exact observations, that bodies common cnougli on tliis 
earth are present in the atmosphere of the sun, at a 
distance of ninety-one millions of miles, a.nd still nior(^ 
extraordinary that in the stars the existence of such 
metals as iron and sodium should ho ascc'.rtained 
beyond a shadow of doubt. We thus see thal. tiie. 
range of inquiry which this subject opens out is inih'ed 
vast, and it is well to bear in mind that as the. dis- 
coveries in this branch of science are so recent, they 
are necessarily incomplete, so that wc must ex])ee.t to 
meet with many facts a.nd observations which still stand 
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alone, and require further investigation to bring tbeni 
into harmonj with the rest. The advance in these new 
fields of research is, however, so rapid that, as time 
rolls on, and our range of knowledge widens, new 
facts quickly come to support the hitherto unexplained 
phenomena, and thus our theory becomes more and 
more complete. It will be my duty, in the Lectures 
which I have the honour of delivering in this Hall, to 
endeavour to explain to you that these results, appa- 
rently as marvellous as the discovery of the elixir 
vitae or philosopher’s stone, are the plain and necessaiy 
deductions from exact and laborious experiment, and 
to show how two German philosophers, quietly working 
in their laboratories in Heidelberg, obtained this startling 
insight into the processes of creation. 

The only means of communication which we possess 
with the si;n, planets, or far distant stars, or by which 
we can ascertain anything respecting their chemical 
constitution, is by means of the life-supporting radiation 
which they pour down upon the earth, producing tluii 
effects which we call light and heat. It will, therefore, 
be our business, in the first place, to investigate the 
composition of the radiations wliieli these bodies give 
off, and next gradually to notice, as our field of obser- 
vation enlarges, the apjjlieatioiis to which the properties 
of the light thus emitted lead us. OiUi cannot hoi]) 
}‘egretting that when, as at present, the sunlight is 
shining so brightly, we are unable to utilize it, and 
illustrate by experiments made with the sunlight itsell' 
the points which we wish to exjdain. In this cliuiat(‘, 
however, even if we could conveniently do it, the sun 
shines so inteimittently, and it is so doubtful if w(‘. can 
have it just when it is required, that W(^ have to make 
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use of other means, especially of this bright light of 
the electric arc, which, if leas perfect than sunlight, is 
more under our complete control. 

In the year 10‘75, Sir Isaac Newton presented to the 
Eoyal Society his memorable treatise on Optics.^ In this 
treatise, which contains a large number of experimental 
and tlieoretical investigations, one point especially attracts 
our attention : it is the discovery of the decomposition of 
white light. Wo have here (Fig. 1) a fac-simile of the 
drawing illusti’ating Newton’s experiment on this sub- 
ject. He heads the first paragraph in his memoir. 



written in the year 1675, with the words, “ lights which 
differ in colour difi'er also in refrangibility.” Newton 
allowed the sun to shine through a round hole (Fig. 1, k) 
in a shutter, and he then examined the characte.r of this 
light by means of a triangular piece of glass (a b o) called 
a prism. Ho found that the white light, after passing 
through the prism, was bent or refracted out of its 
course, and split up into a coloured baud (i> t) which, 
when received on the white screen (mn), exhibited all tho 
colours of the rainbow in regular succcHsion, passing 
from red through all the shades of orange, yellow, 
‘ For extracts from “ Newton’s Optiuka,” seo Appendix A. 
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green and blue, to violet Newton termed this coloured 
band the Solar Spectrum, and came to the conclusion 
that the light of the sun consists of rays of diflferent 
degrees of rofrangibility. He also showed that all the 
various portions of this coloured band, when again 
brought together, produce upon the eye the effect of 
white light This experiment (represented in Fig. 2), 
Newton performed by simply allowing the light passing 
through the round hole (f) in the shutter to fall on a 
prism (a b o), producing the solar spectrum, and then, 



on looking at this coloured hmid through uuothcJ- 
prism (ii h c) placed in the same direction, instead of 
seeing a coloured hand he observed a spot of white light, 
thus showing that the whole of these differently coloured 
rays, when brought together by means of the second prism, 
produce on the eye the effect of white light. Here 
wo have the intensely white electric light, and by 
means of these two prisms you observe that I can split 
the light up into its various constituent parts, and wo 
obtain this sphmdid coloured baud, th(“. sja'ctmm of the 
ol(‘ctric are. Now I shall endeavour 1o show you the 
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second eifect •wliich Newton observed. For this purijoso 
I have only to reverse the position of one of the prisms, 
for if I allow this band of coloured light emitted from 
the first prism to pass through the second piism, placed 
in the opposite direction to the fijfst, I shall again bring 
these coloured rays together, the second prism neutralizing 
altogether the effects of the first, and \vc obtain the bright 
white image of the slit. 

I should hlie next to show you a thud part of the 
experiment made by Newton, If I cut off, by means of 
this screen, a portion of the spectrum which has passed 
through the first prism, say the yellow or the green or 



the red ; you will see that another refraction through the 
second prism does not alter this coloured light Here, 
for instance, I take the green, and bring my prism into a 
proper position: we shall find that 1 only get the same 
green light on the screen behind, proving that the green 
ray cannot again be split up by further refraction. The 
mode in which Newton performed this experiment is seen 
in Fig. 3. The green rays (g) in the spectrum {de), 
when refracted through a second prism (a&c), appear 
as a green band (n m) on the second screen. 

Now the reason why all these different coloured lights, 
when they reach the eye, produce tlic effect of white 
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light, is a physiological question which we cannot 
explain. We find that not only do all the colours of 
the spectrum, wlien they are brought upon the eye, pro- 
duce the effect of white light, but that several mixtures 
of only a few out of all these different colours have 
the same power of producing upon the eye the effect 
of white light. 

Thus Hehnholtz and Maxwell have shown that the 
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following mixtures of two complcmoiitary colours when 
brought together into tJic eye produce the efl’ect of 
whiteness : — violet and gi-eenish yellow ; indigo and 
yellow ; blue and orange ; gi-eeuish blue and red. 
This 1 may readily iUustrah* to you by taking a re- 
volving disc (Fig. 4), u])on which sogineuts of vai‘iou.s 
colours have been painted. When I turn this disc, 
which you observe contains to b(‘gin witli all the colours 
of the spectrum in due pi'o])ortion, and then, when it is 
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revolving, exhibit it to you by the light of burning 
naagneaium, you will notice that the effect produced 
upon the eye is that of a uniformly white disc. Let 
me now substitute for this painted disc another one, 
which only contains the three colours, red, yellow, and 
blue. You will still perceive that when quickly revolved 
the disc appcai-s white; and so I might substitute any 
ol the above mixtures of colours, all of which produce 
on the eye the sensation of white light by the rapid 
succc.ssion of the images of the different colours, the 
effect of one of which not having time to disappear 
from the retina before that of the other comes into play. 
Tf I illuminate the rotating disc by means of a quick 
electric spark, you will see that all the colours of the 
disc become noticeable at once. This is because the period 
of illumination is so exceedingly short that the disc ap- 
peal's as if stationary. It was indeed at one time sii])j»0Bed 
that tin*, various shades of colour in the solar spectrum 
were ju'oduced l)y an overlapping, as it wen*, of three 
distinct coloured sp('etra, one i-ed, the second yellow, 
and the third a blue s])eetrum, tlus niaxiina of which 
are situated at different points, that of the red and l)hie 
at the extremes and that of the yellow in the middle 
of the visible spectrum. This tlieory of BrewHt,er’s has, 
however, been proved to be fallacious, for Tlc'lmholtx has 
shown that the green ray, for example, is not made up 
of blue and yellow light superposed, and we. cannot 
separate anything else but green out of it. lienee, wo 
conclude that each pm'ticular ray has its own ])ee.uliar 
colour, and that light of each degi'ce of refrangibility is 
monochromatic. But, on the other hand, although 
physically, and in the actual spectrum, there is no such 
thing as a superposition, or overla,ppiug of diffe.renl 
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spectia, yet it is very likely, nay, more than likely, that 
the retina is mainly sensitive to three impressions, viz. 
red, yellow, blue; in fact, that there are some nerves 
especially sensitive to red, others to yellow, and others 
again to blue light, whilst the impressions of the other 
tints are obtained by the joint impressions produced on 
these three classes of nerves. Tliis theory, indeed, was 
one which was proposed so long ago as the beginning 
of the century by our celebrated countryman Thomas 
Young, and quite recently it has been proved by Max 
Schulze that in the eyes, not indeed as yet of man, but of 
certain animals, there exist diflevences which ai'C observ- 
able in the nerve ends situated at the back of the retina : 
some of these end in little red drops, some of them in 
yellow drops, and some of them in colourless drops. The 
nerves whose ends contain the little red drops are more 
sensitive to red colour than the others ; and so those con- 
taining yellow drops are more sensitive to the yellow 
colour; and in this way we believe that the peculiar 
effects which we observe in the mixtures of colour may 
be explained. 

In noticing the physical properties of the variously 
coloured light obtained when the sunlight or white 
light is decomposed into its constituent pai-ts, we must 
remember, iji the first ])lace, that light is due to the 
undulations of the clastic medium pervading all space, 
to whieli physicists have given the name of liimi- 
niferous ether. As the undulations of the particles of 
water, causiiig the waves of the se.a, differ in length 
and intensity of vibration, sometimes being minute and 
shallow like the ripple, s on the surface of a pond, some- 
times rising and falling into the gigantic crests and 
valleys of the stoim-riddon ocean ; so also the undulations 
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of the ether producing light differ in amplitude and 
intensity, giving rise to the different effects of colour to 
which we have referred. 

Let us now compare the power of the ear and the eye, 
the one to receive the vibrations of the air called sound, 
and the other the vibrations of the ether termed light. 

The human ear has the power of distinguishing 
variations in sounds differing widely in wave-length. 
Thus, for instance, the musical note, the deepest in the 
bass of all those that can be heard by the human ear, is 
produced by the regular succession of impulses occurring 
about 16 times in each second, whereas the highest 
note which is perceptible to the ear is caused by 
about 4,000 vibrations per second. Hence the range 
of audible notes extends over about 11 octaves. Now 
let us examine what is the range to which the eye is 
sensitive. It is found that we can observe, ordinarily, 
in the solar spectrum, from the position indicated by a 
fixed dark line in the red portion termed a (see fron- 
tispiece of the Solar Spectrum) to a line H in the violet 
or most refningible portion of the visible spectium. Now 
the difference in the length of the vibration from A to H 
is but slight ; it is indeed not one octave. The length 
of the undulation of each of these waves is excessively 
small. By certain methods of exact measuromont, 
physicists have been enabled to determine with accuracy 
the length of these various waves of light ; and they 
have come to the conclusion that the wave causing this 
red ray which is only just visible to the eye has a length 
of the T ooVooaot h part of an inch, whereas at the 
line H in the violet tlie length of the wave is TToWou-otli 
part : hence the difference is only from 155 to 271, and 
you see that the wave-length at the one point is not 
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twice as great as it is at the other, and we are correct 
in stating that we can hear ahont 11 octaves, but that 
we cannot see a single octave. 

Nevertheless, although they do not produce on the 
retina the impression which we call light, there are rays 
extending both beyond the visible red and beyond the 
visible blue. By certain devices we can make ourselves 
aware of the existence of these invisible rays, which 
play a most important part in the nature of the solar 
light. 

If we observe the effects which aj’C produced by the 
different rays constituting the visible portion of the 
solar spectrum, we find to begin with that those rays 
which mainly produce heating effects ai-e situated at the 
red end of the solar spectrum. We learn that the maxi- 
mum heating effect is produced at a point beyond that at 
which we can see any red light The maximum of the 
luminous rays as affectuig the eye exists in the yellow. 
Passing on from the red towaifis the violet portion, we 
find, by means of a thermo-pUe and a delicate galvano- 
meter, that the quantity of heating effect produced in 
the yellow and green portions of the spectrum gradually 
diminishes, and sinks down to a vciy insignificant 
amount in the violet part of the hand. In the blue and 
violet portion of the spectrum, so slightly endowed with 
heating power, we have, however, to notice the existence 
of a new and striking peculiarity, that of producing 
chemical action ; that is, of causing the combination and 
decomposition of certain chcmiciil substances, as for 
instance the decomposition and blackening of silver 
salts, upon which the art of photography is based. 

It is to Sir W. Herschel, in the year 1800, that we 
arc indebted for the first notice of the fact of the heating 
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rays existing especially in tlie red portion of the spec- 
trum, whilst Ritter and Scheele at the early part of this 
century observed the peculiar power possessed by the 
blue, violet, and ultra-violet rays to blacken silver salts. 

In Fig. 5 we have a graphical representation of the 
varying intensity of the heating, luminous, and chemi- 
cally active rays in the various parts of the solar spectrum. 
The figure exhibits three curves, a, b, and o, showing the 
distribution of these three actions produced by the rays 
of the solai- spectrum, whose position is given in the 
upper part of the diagram. 
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This curve a (Fig. .5) represents to you the intensity 
of the heating power of the spectrum. You observe how 
far it extends, a long way beyond the visible rcid, which 
ends a httle to the left of the line A. In fact it has 
been noticed, by those who have made careful measnn-- 
ments, that half the rays of heat reaching the earth 
from the sun are invisible, and I shall hope to show you 
directly the effect of these invisible heating rays. 

In the part shaded with vertical lines only, then) is no 
perceptible luminous or chemical activity; in that shaded 
with horizontal lines there is nothing but chemical action. 
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From thebegmiung toth.e end of the luminous spectrum 
shaded with obliq^ue lines, two, at least, of these three 
forms of action exist simultaneously. The intensity of 
each at any point of the spectrum is measured by the 
vertical line drawn from the point on the base line to 
meet its proper curve. 

Whilst noticing these peculiar properties of the dif- 
ferent rays, we must carefully remember that there 
really is no difference in kind between those rays which 
are called heating rays, those which are called light 
rays, and those which are called chemically active 
rays. Those differ one from the other in exactly the 
same way that the visible yellow rays differ from the 
green rays, or as the gi'een rays differ from the blue ; 
only iu wave-length and intensity of vibration. In any 
particular portion of the spectrum we cannot separate 
the rays of light and leave the rays of heat behind ; we 
cannot, for instance, separate out the yellow rays of 
light from the yellow portion of the spectrum, and leave 
behind any rays of heat of the same degree of reffan- 
gibility. But, as I slndl show you, we can separate 
from the whole radiation the luminous rays, and with 
them the heatiug effect of those luraiuous rays, and 
stUl leave the dark or invisible rays of lu'ut of lower 
refrangibUity. 

I will endeavour to prove to you, iu the first place, 
the existence of these dark heating rays of really in- 
visible light. We see that the maxunum of these rays 
is placed beyond tbc visible red. This may be tdcarly ex- 
hibited with the electric light in the beautiful experiment 
by wdiicb Dr. Tyndall first aceomplisbed tbc sc'parution 
of wdiieh 1 have just spoken. I have for this purpose 
placed in the dark box (n. Fig. 6) an electric lamp (l). 
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whicli gives us a very bright light, and by means of 
this mirror (m) I can bring the rays to a focus at any 
desired point Here is a cell (c) which Dr. Tyndall 
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very expressively calls a ray-filter, by which I can filt<‘r 
out the whole of the luminous rays, by passing them 
through this opaque solution of iodine in disulpliidc 
of carbon, whilst the invisible heating I’ays are ti’ans- 
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mitted, and will soon render themselves evident to you. 
A current of cold water circulates through a double 
jacket on the outside of the cell, to keep the volatile 
disulphide cool. Now I think you will observe that no 
rays of hght come through, but if I take a piece of black 
paper, and place it in the focus of our mirror, you see 
the paper is ignited, owing to the presence of these dark 
heating rays. I may now do the same with a piece of 
blackened platinum (p. Fig. 6) ; you see that this also 
is heated to redness. I can show you this again in a 
variety of foi-ms. Here is some gunpowder strewed on 
this paper ; yo\i observe that it at once explodes when 
brought into the focus of the dark rays. Hero I have 
some blackened gun-cotton, which instantly catches fire. 
I may vary the experiment by lighting a cigar ; and 
here you see the brilliant scintillations of charcoal burn- 
ing in oxygen, having been heated up to the tempera- 
ture of ignition in the focus of the dark rays. Dr. 
Tyndall has measured the proportional amount of the 
entire. heating rays which, pouring forth from this incan- 
descent carbon, has passed through this dark filter, and 
he has found that this consists of of the whole amount ; 
so that only ^ of the radiation is really visible. 

Understandmg then the existence in this ultra-red of 
a large amount of heating rays, let us piuss now to 
consider the properties of the light which is given ofl' at 
the opposite or blue end of the spcctnim, which I have, 
called the chemically active rays. Allow me to show 
you an experiment to prove that it is in the bliu; 
portion of the spectrum that we -have essentially these 
chemically active rays. In order to render the illustra- 
tion more perfect, 1 will fii’st make an (>xpeiiinent with 
reference simply to white', light, to show you that 
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tlie brilliant light which is emitted by this burning 
magnesium, and is almost too dazzling for the eye to 
bear, contains a very large proportion of the rays which 
we are about to investigate.^ 

I have here a thin glass bulb containing a mixture of 
equal volumes of two gases, chlorine and hydrogen. 
These gases when exposed to a bright light combine 
together, and form hydrochloric acid gas. If I were to 
throw this bulb out in bo the sunlight, so rapid would be 
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the combination, and so gi’eat tlie, cousetpicut evolution 
of heat and sudden expansion, that this little bidb 
would instantly he shattered into a thousand fragments. 
Almost as sudden an eifect will he produced if I simply 
burn a bit of magnesium wire in the neighbourhood of 
the bulb (T'ig. V) ; it explodes with a pretty loud report, 
the bulb is shattered, and the gases have been combined 

^ See Appendix B for the meaBuremeiit of the chemical intensity 
of magnesinm light. 
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by virtue of the blue rays eoiitaiued iu this kind of 
light. I will next show you that it is really the blue 
rays which thus act chemically. This lanteni (Fig. 8) 
(tontains panes of different coloured glass, — here a white 
one, here a yellow one, here a rod one, there a blue one. 
I am going to put another of these little bulbs filled with 
chlorine and hydrogen iu the inside of this lantern, 
and then I will produce, not by magnesium wire, but 
by another means, a very bright blue light, a light 
which contains the.se chemically active rays iu gi'cat 
quantity. I will first allow this blue light to shine 
upon the bulb through the red pane of glass. Here I 
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l)roduce a very, bright flame, by throwing some carbon 
disulphide into a tall cylinder full of nitric oxide gas, 
and igniting the mixture. Here is the bright flash, but 
you have noticed no explosion of the bulb, for all the 
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ebeinical rays have been held back : filtered off by this 
red glass, they cannot pass through ; and the consequence 
is, there has been no action on my bulb. I will now 
allow another of these flashes of light to pass tlnough 
the blue glass, which being of course transparent to the 
blue rays my little bulb will be shattered into a fine 
powder, as you observe. Here then we have ascertained 
by experiment that the blue rays act chemically, whilst 
the red rays produce heating effects. 

This sensitive mixture of chlorine and hydrogen, 
which, as you have seen, explodes when the chemical 
activity of the light is great, may be used as a most 
delicate means of measuring the amount of light of a 
less intensity. The combination of the gases thou occurs 
slowly, and may be rendered evident by allowing the 
hydrochloric acid thus formed to bo absorbed by water, 
when the consequent diminution iu bulk of the gas 
accurately represents the chemical action effected. 

The varying intensity of the chemically active rays iu 
different parts of the solar spectrum has been carefully 
measured by means of this sensitive mixture of chlorine 
and hydrogen gases.^ The accompanying figure (Fig. 
9) exhibits the chemical action effected by the various 
portions of the spectrum on the sensitive mixture for one 
particular zenith distance of the sun. The lines marked 
with the letters of the alphabet from A to w, at the 
bottom of the figure, represent the fixed dark lines which 
exist in the solar spectrum, of which I shall have much to 
say in the subsequent lectmes. They serve as a sort of 
landmarks by which to ascertain the position of any given 
point in the spectrum. The greatest amount of chemical 
action is noticed between the line in the indigo marked o, 
^ See Appendix C tbi dobcriptii)ii of metliod. 
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and tliat in the violet mcOi-ked h. In the direction of the 
red end of the spectrum, the action becomes imperceptible 
about D, in the orange (the maximum of visible dlumi- 
nation) ; Avhilst towards the other end of the spectrum 
the action was found to extend as far as the line 
mai-ked n, or to a greater distance beyond the line h in 
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llio violet than the total length of the ordinary visible 
spc'ctmin. 

I ]nay agaiu illustrate this aanio fact by showing 
you that 1 can ])hotograph with these blue rays, whereas 
1 fail to produe.e the! sani<‘ (.'fleet with the red rays. 
1 will coat a plate with collodion, and then darken the 
room, with the exc'eption of this yellow niono-ehroinalie 
flaiiK', p]’(»dueed by tlu' volatilization of soda salts, which 
is incapable of acting chemically. I may, theredure, woik 
wilh this light without at all aflectiug iny photographic 
plate. I have now coated a plate with collodion, and 
sc'iisiliseil it in the silver bath. T shall next expose this 

c '2 
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to the action of the light of the spectrum of the electric 
lamp. I would first show you that I have here (Fig. 10) 
a negative photogi’aph, of which I am about to take*, 
a print by the blue rays of the electric lamp. You 
will observe that there are two figures upon the negative, 
one marked V and the other marked E. ; these letters 
being intended to signify Violet and Eed. The one figure 
marked V I propose to place in front of my sensitised 
plate in the blue or violet ray, and the one marked E 
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I proj)ose to open in the red ray, and 1 hope to be able to 
produce a chemical effect on that portion of my sensitised 
plate which has been exposed to the blue, whilst we shall 
get no corresponding effect on the portion exi)os('d to 
the red ray. I next place my plate with its fax'o dowui- 
wards on the negative ; we now start our electric him]), 
using a small spectrum in order to have the action 
rather more distinct. I then ex])ose half my ]>late in 
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the red rays for about twenty scconcla, and afterwarda 
expose the other half, with the V upon it, for about the 
same length of time to the violet light. I will now 
develop and wash the photograph, and throw the image 
])roduccd on the screen, when you will observe (Fig. 11) 
a very marked difference between the two portions, the 
one sliowing no picture at all, and the other giving us 
the perfect picture with the V upon it, rendering the 
difference of action of the blue and red rays visible. 
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1 liave ill (‘oneliision to ]ioint. out to you that the 
solar speetruin dillers in certain re-siiei-la from that 
beautiful spectrum of tlie elect rie are, with wliicJi w(' 
have been working, and it diff'ei's in this way, that, tlie 
solar spectrum consists, not of a eoiiLimious band, jiassing 
without break or intc'rniption from red to violet, through 
all the shades of colour which we know as the rainbow 
tints, but that in the solar .sjiectruni we lind, inb’rspersial 
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between tbese, certain dark lines which wo may regard as 
shadows in the sunlight, spaces where certain rays are 
absent. The first person who observed these dai*k linos 
was Dr. Wollaston.^ Newton did not obseiwe them, and 
for the good reason that he allowed the light to fall 
on the prism from a round hole in the shutter. In 
this way he did not obtain what is termed a pure 
spectrum, but a series of spectra, one overlapping the 
other, owing to the light coming through different parts 
of the round hole. If he had allowed the light to 
pass through a fine vertical slit, and if this slit of 
hght, if we may use such a term, had then fallen upon 
the prisms, placed so that the edge of the refracting 
angle is parallel to the sHt, he would have observed that 
the solar spectrum was not continuous, hut broken up 
by permanent dark lines. Dr. Wollaston, making use of 
a fine slit of hght, discovered these fixed dark lines in 
the solar spectrum. 

I invite your attention to the drawings of these linos 
in this wery imperfect sketch of the solar spectrum 
(see coloured diagram on Frontispiece). These dark 
lines are always found in the same position in the sun- 
light, whether you take direct, diffused, or reflected sun- 
light. The exact mapping and observation of these lines 
in the solar spectrum is a matter of as gi’oat importnneo 
to astronomy and to physical science generally as the 
mapping of the stars in the heavens, because by knowing 
exactly the position in the solar spectrum of these dark 
lines we can ascertain that iron, sodium, and other well- 
known substances exist in the solar atmosphere. 

I will now show you a diagram illustrative of this 
fact, and remind you that we are indebted for the first 
1 riiil. 'Irans. 1802, p. 378. 
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cai'eful examination of these lines to a German optician, 
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Fraimliofer, whose name has been attacliod to these lines. 
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Fraunliofer mapped no less tlian 57G of these lines in 
the year 1814.^ This is an exact copy of his map (Fig. 
12). On the left is the red and on the right is the 
violet portion of the visible spectrum. You observe 
how this spectrum is shaded. Notice, if you please, 
the immense number of lines which intersect and almost 
appear to make the solar spectrum dark. Fraunhofer 
employed the letters of the alphabet to designate some 
of the principal lines, beginning with A in the red and 
passing over to H in the violet. Many of these lines 
are as fine as the finest spider’s web, so that tlicy 
occupy but a small portion of the whole area of the 
speetrum — that is, the portion which is filled with light 
is far greater than the portion filled with these shadows, 
although the number of these shadows is so exceedingly 
large. The curve in the upper part of the figure gives 
Fraunhofer’s estimate of the intensity of the visible rays 
at diflTerent parts of the spectrum, and this eorr(‘spond.s 
closely to the curve b in Fig. 5. 

Fraunhofer first ascertained that these linos are ])resoni. 
in every kind of sunlight; that moonlight, as w'cll as tin'- 
light of the planet Venus, exhibits the same dark linos. 
Fraunhofer measured the refractive indices of thoHo 
lines, — that is, determined their relative positions in the 
solar light; and he found that the relative distances 
between any given lines remained constant, whether ho 
took direct sxmlight, or sunhght reflected from the 11100)1 
or planets. 

Another important observation was made by Fraun- 
hofer, — namely, that the light from the fixed stars, which, 
as you know, are self-luminous, also contains dark lines, 
but different fines from those which chai'actci-ise the 
^ Denkschrifteu der MUnehener Akadcniip, 1814. 
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sunliglit, the light of the planets, and that of the moon ; 
and hence in 1814 Fraunhofer came to tliis remarkahlo 
conclusion : that whatever produced these dark lines — 
and he had no idea of the cause — was something which 
was acting beyond and outside our atmosphere, and 
not anything produced by the sunlight passing through 
the air. 

This conclusion of Fraunhofer has been .borne out 
by subsequent investigation, and the observations upon 
which it was based may truly be said to have hud the 
foundation-stone of solar and stolhu’ chemistry. 
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EXTRACTS FROM “NEWTON’S OPTICKS,” 1675, Book L Paht 1. 

Prop. I. Theor. h— Lights which differ in colour^ differ also in 
degrees of refrangibility. 

The Proof by Experiments. 

Exper. 1. — took a black oblong stiff paper terminated by 
parallel sides, and, with a perpendicular right line drawn across 
from one side to the other, distinguished it into two equal parts. 
One of these parts I painted with a red colour and the other with 
a blue. The paper was very black, and the colours intense aiul 
thickly laid on, that the phenomenon might bo more conspicuous. 
This paper I viewed through a prism of solid glass, whoso two 
sides through which the light passed to the eye were i)lnne and 
weU polished, and contained an angle of about 00° : which angle 
I call the refracting angle of the prism. And whilst 1 viewed 
it, I held it and the prism before a window in sucli manner that 
the sides of the paper were parallel to the prism, and both those 
sides and the prism were parallel to the horizon, and the cross 
line was also parallel to it; and that the light which fell from 
the window upon the paper made an angle with the paper, equal 
to that angle which was made with the same paper by the liglit 
reflected from it to the eye. Beyond the prism was the wall of 
the chamber under the window covered over with black cloth, 
and the cloth was involved in darkness that no light might be 
reflected from thence, which in passing by the edges of the paper 
to the eye, might mingle itself with the light of the paper, and 
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obscure tlie pbenomenon thereof. These things being thus 
ordered, I found that if the refracting angle of the prism be 
turned upwards, so that the paper may seem to bo lifted upwards 
by tlie refraction, its blue half will bo lifted higher by the refrac- 
tion than its red half. But if the refracting angle of the prisui 
he turned downward, so that the paper may seem to be carried 
lower by the refraction, its blue half will be carried something 
lower tliereby than its red half Wherefore in both coses the 
light which comes from the blue half of the paper through the 
prism to the eye, does in like circumstances suffer a greater 
refraction than the light which comes from the red half, and by 
consequence is more refrangible. 

Exper. 2. — About the aforesaid paper, u^hose two halves were 
painted over with red and blue, and which was stiff like thin 
pasteboard, I lapped several times a slender thread of very black 
silk, in such manner that the several parts of the thread might 
appear upon the colours like so many black linos drawn over 
them, or like long and slender dark shadows cast upon them. I 
might have drawn black lines with a pen, but tlie thready were 
smaller and better defined. This paper thus coloured and lined 
I set against a wall perpendicularly to the horizon, so that one 
of the colours might stand to the right hand, and the other to 
the left. Close before the paper at the confine of the colours 
below, T placed a candle to illuminate the jiaper strongly : for 
tlio (‘X])(‘rinicnt was tried in the night. Tlie flame of the candle 
reached up to the lower edge of the paper, ora very little higher. 
Then at the distance of six feet and oiui or two inches from the 
paper u))()ii the floor I erected a glass lens four inches and a 
quarter broad, which might collect the rays coming from the 
several points of the paper, and make Ihom converge towards so 
many other ])oints at the same distance of six feet and one or 
two inches on the other side of the lens, and so form the image 
of the coloTired paper U])()n a white paper placed there, after the 
same manner that a lens at a hole in a window casts the images 
of objects abroad upon a sheet of white pai)er in a dark room. 
The aforesaid white ])aper, erected ])eri)endicular to the horizon 
and to the rays which fell upon it from tlui h'lis, I moved some- 
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tinxes towards the lens, sometimes from it, to find the places 
where the images of the blue and red parts of tlio coloured 2 ')a|')er 
appeared most distinct. Those j)lacGs 1 etisily knew hy the 
images of the black lines which I had made hy winding 
the silk about the paiier. For the images of tliose fine and 
slender lines (which by reason of their blackness were like 
shadows on the colours) were confused and scarce visible, unless 
when the colours on either side of each line w’^ere tenniuatc'd 
most distinctly. Noting therefore, as diligently as I conld, the 
places where the images of the red and blue halves of the coloured 
paper appeared most distinct, I found that where the red half of 
the paper appeared distinct, the bine half appeared confused, so 
that the black lines drawn upon it could scarce be seen ; and on 
the contrary, where the blue half aj)peared most distinct, the red 
half appeared confused; so that the black lines U 2 )()ii it were 
scarce visibla And between the two places where tlieso iinagcH 
appeared distinct there was the distance of an inch and a hall’: 
the distance of the white paper from the lens, when the iinag(‘ of 
the red half of the coloured paper aj)peare(l most distinct, being 
greater by an inch and a half than the distance of the samt* 


white paper from the lens when tlie image of the blue half 
appeared most distinct. In like incidences therefore, of tlu‘ 
blue and red upon the lens, the blue was refractcul more by tin* 
lens than the red, so as to converge sooner by an inch and a 

half, and therefore is more refrangible 

ScJioliwTi, ^The same things succeed notwithstanding that sonn' 
of the circumstances be varied; as in the first i‘xperimeiit 
when the prism and paper ore any ways inclined to the 
and in both when coloured lines are drawn u])on ^'(*ly l)la(*k 
paper. But in the description of these ex [)eriinenis, J have sot 
down such circumstances by which either the phenomenou might 
be rendered more conspicuous, or a novice might more easily tiy 
them, or by which I did try them only. The same tiling l 1hiv(^ 
often done in the foUowing experiments ; concerning all which 
this one admonition may suffice. Now from these experiments 
1 follows not that all the light of the blue is more refrangible 
than all the light of the red ; for both lights are mixed of rays 
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diffex*eiitly refrangible, so that in the red there are some mys not 
less refrangible than those of the blue, and in the bluo there are 
some rays not more refmngible than those of the red ; but these 
rays in proportion to the whole light are but few, and serve to 
diminish the event of the experiment, but are not able to destroy 
it. For if the red and blue colours were more dilute and weak, 
the distance of the images would be less than an inch and a 
half ; and if they were more intense and full, that distance would 
be greater, as will appear hereafter. These experiments may 
suffice for the colours of natural bodies. For in the colours 
made by the refmction of prisms this proposition wn‘ll appear 
by the experiments which are now to follow in the next 
ixropositiou. 


Puor. II. Thkou. 2. — The liylit oj (he huh cunHintH uj‘ rajjH 
diffemitly refran\jihlc. 

The Phoop by Expejuments. 

Exper. 3. — In a veay dark chambe]‘ at a ]'oun(l hole about one 
third part of an inch broad made in tlie shut of a window I 
jdaced a glass prism, whereby the beam of the sun’s light which 
cuiinc ill at that hole might be refracted upwards towards the 
opposite wall of the chamber, and there form a coloured image 
of the sun. The axis of the prism (tliat is, the line passing 
through the middle of the prism from one end of it to the other 
end parallel to the edge of the refracting angle) W'as in this and 
the following experiments per])emlicular to the incident rays. 
About this axis 1 turned the prism slowly, and saw the refracted 
light on the w'all or coloured image of the sun lirst to descend, 
and then to ascend. Petween the descent and ascont when the 
image seemed stationary, J stopped the prism, and hxed it in 
that posture, that it should he moved no more. For in that 
l)osturc the refmetions of the light at tlie two sides of the re- 
fracting angle, that is at the entranee oi‘ the rays into the jirisin, 
and at their going out of it, were ctpial to one another. fSo also 
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in other experiments, as often as I would have the refractions on 
both sides the prism to be equal to one another, I noted the 
place where the image of the sun formed by the refracted light 
stood still between its two contrary motions, in the common 
period of its progress and regress ; and when the image fell upon 
that place, I made fast the prism. And izi this j)osturG, as the 
most convenient, it is to be understood that all the ])rism3 are 
idaced in the following experiments, unless where some other 
posture is described. The prism therefore being placed in this 
posture, I let the refracted light fall perpendicularly upon a sheet 
of white paper at the opposite wall of the cliaznber, and observed 
the figure and dimensions of the solar imago formed on ilie paper 
by that light. This image was oblong and not oval, but termi- 
nated with two rectilinear and parallel sides, and two semicircular 
ends. On its sides it was hounded pretty distinctly, bzit on its 
ends very confusedly and indistinctly, the light there decaying 
and vanishing by degrees. The breadth of this image anawored 
to the sim’s diameter, and was about two inches and the eighth 
part of an inch, including the penumbra. For the imago was 
eighteen feet and a half distant fi’om tlm prism, and at Ibis 
distance that breadth if diminished by the dianuder of tbe bolo 
in the window-shut, that is by a quarter of an iiu-b, siibt(*ndocl 
an angle at the prism of about half a d<‘gi'eo,, which is the sun’s 
apparent diameter. But the length of the image was about ton 
inches and a quarter, and the length of the rectilinear sides about 
eight inches, and the refracting angle of the xzrism wlier(iby so 
great a length was made, was 64°. With a less angle the 
length of the image was less, the breadth remaining the sauHi. 
If the prism was turned about its axis that way which made tlie 
rays emerge more obliquely out of the second refracting surface*, 
of the prism, the image soon became an inch or two longer, 
or more ; and if the prism was turned about the contrary way, 
so as to make the rays fall more oblicpiely on the fii*Ht rtdracting 
surface, the image soon becEune an inch or two shorter. And 
therefore, in trying this experiment, I was as curious as 1 could 
be, in placing the prism by the above-mentioned rule exactly iu 
such a posture that the refractions of the rays at their einergi'nce 
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out of the prism might be equal to that at their iuciclence on it. 
This prism had some veins running along within the glass from 
one end to the other, which scattered some of the sun’s light 
irregularly, but had no sensible effect in increasing the length of 
the coloured spectrum. For I tried the same experiment with 
other prisma with the same success. And particularly with a 
prism which seemed free from such veins, and whose refracting 
augle was I found the length of the image or 10 

inches at the distance of 18^ feet from the prism, the breadth of 
the hole in the window-shut being J of an inch, as before. And 
because it is easy to commit a mistake in placing the prism in 
its due posture, T repeated the experiment four or five times, and 
always found the length of the image that which is set down 



above. With another ])risiii of clearer glass and better polish, 
which seeined free from veins, and whose refracting angle 
was G3J®, the length of this image at the same distance of 
18J feet was also about 10 indues, or lOj. Beyond these 
measures for about or ^ of an inch at either end of the 
spectrum the light of the clouds seemed to be a little tinged with 
red and violet, hut so very faintly, that I suspected that tinetui'o 
might either wholly or in great measure arise from some rays of 
th('. Rpectrum scattered iiTegularly by some inequalities in the 
substance and polish of the glass, and therefore I did not include 
it in these measures. Now the dilfereiit magnitude ol' the liole 
in tlie window-shut, and dilfcrent thickness of tlui prism where 
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tUe rays passed through it, and different iuclimitioiiH ol‘ the prism, 
to the horizon, made no sensible changes in the length of the 
image. Neither did the diffemnt matter of the prisms make 
.any : for in a vessel made of polished plates of glass (*.niiienit‘d 
together in the shape of a prism and filled with water, there is 
the like success of the experiment according to the cpiantity ol' 
the refraction. (After giving a rigorous proof that the rays in 
different pai-ts of the spectrum are differently relraeted, Newton 
proceeds.) 

This image or spectrum pt was coloured, being red at its least 
refracted end T, and violet at its most refracted end i\ and yellow, 
green, and blue in the intermediate spaces, which agrees with the. 
first proposition, that lights which differ in eolouv do also dilfer 
in refrangibility. The length of the image in the foregoing (‘x- 
periments I measured from the faintest and ouimosl r(‘d at one 
end, to the faintest and outmost blue at the other end, exeepiing 
only a little peiiuinbm, whose breadth scarce (‘xceed(*d a (puirler 
of an inch, as was said above. 


Puor. TIL TiiKuii. 3. — The mai'a liylil conmtH uj w^z/.s differiutj 
rcJli\r/ibilUy^ and t/uwe raf/i^ arc •niorc rcjlc,i ihic than othn'i^ 
which are more rc/ranr/iblc. 

This is nuiuifest by the ninth and tenth (‘xperiimuils, for in tlie 
ninth experiment, by turning the prism about its axis imlil the* 
rays within it whicdi in going out into the air were, refraeled by 
its base, became so oblicpie to that base as to begin lo Ik* loiiill\ 
reflected thereby ; those rays l)(‘.eame first of all totally relli'eled, 
which before at atonal incidences with the r(‘st had sulferecl the 
greatest relVartion. And the same thing happens in llii* r(*fl(‘xion 
made l)y the CK)inmoii l)asti of the two ])risnis in tlni ti*nili 
experiineiit. 
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* Book 1. Part 2. 

Prop. V, Tiieor. 4, — and all grvjj colours between 
white and hlach may he compounded of coUmrs, and the 
'ioMicncss of the sun^s Ivjht is compounded of all the 
vrhnary colours miml in a due proportion. 

Ej(perAl . — ^Leithe sun's coloured image pt (Fig. 14) fall upon 
the wall of a dark chamber, as in the third experiment of the 
first book, and let the same be viewed through a prism abc, 
held parallel to the prism A b c, by whose refraction that image 
was made, and let it now appear lower than before, suppose in 
the place s over against the red colour T, And if you go near 
to the image pt, the spectrum s will appear oblong and coloured 



like the iiutige pT; but if you recode from it, the c.oIouvh of the 
spectrum s will be contraebul mor(‘ and more, and at lengtli 
vanish, that Rp(‘ctrum R becoming p(Tf(*elly round and white : 
and if you recede yet fartluu*, tin* colours will enu‘Vg(*. again, hut 
in a contrary order. Now that s])(‘ctruni s npp(‘ars wliitc in that 
case when the rays of sev(*ral sorts which conv(‘rge from tlu* 
several ])avts of tlie. images P'r, to the ])vism abc, luv. so rcdVaeled 
nmM[ualIy l)y it, that in llK'ir ])aRsago from the ])riKm to iha eye 
they may divi*.rge from one and the saim* ])oinli of the s]K‘(‘trum 
s, and so fall afterwards u])on one and lh(‘ sam(‘ ] joint in the. 
bottom of llie (ye, and there Ijo mingl(‘(l. 

I) 



34: 


SPECTRUM ANALYSIS, 


[lkut. t. 


And fartlier, if the comb be here made use of, by whose teeth 
the colours at the image P T maybe successively iutorcoptecl; the 
spectrum s when the comb is moved slowly will be perpetually 
tinged with successive colours ; but when, by accelerating the 
motion of the comb, the succession of the colours is so quick that 
they cannot be severally seen, that spectrum s, by a confused 
and mixed sensation of them aU, will appear white. 

Prop. 11. Tiieor, 2 . — All honiogencal light has its proper 
colour f to its degree of refrangihilihj, and that 

colour cannot he changed hy reflections or refractions. 

In the experiments of the fourth proposition of the first book, 
when I had separated the heterogeneous rays from one anoUic*r, 
the spectrum pt formed by tlie separated rays did, in the 
progress from its end j?, on which the most refrangible rays fidl, 
unto its other end jf, on which the least refrangible rays lell, 
appear tinged with this series of coloiim, violet, indigo, blue, 
green, yellow, orange, red, together with all their intermediate 
degrees in a conthmal succession perpetually varying. Ho that 
there appeared as many dcgi’ecs of colours, as there w’cre sorl.s of 
I’ays differing in refraiigibility. 

Ejcpci'. 5. — Now, that tlioao colours could not l)e changed by 
refraction, 1 knew by refracting with a ])rism soinetinu'H oik^ very 
little i)art of this light, sometimos another very little part, as is 
described in the twelfth exijeriuieut of the lii-st book (s(^o h^ig. 1 H). 
For by this refraction the colour of the light was never changed in 
the least If any part of the red light wius ndracted, it rcunaiiu'd 
totally of the same rod colour as before. No orange, no ytdlow, no 
green or blue, no other new colour was produced by tliat refraetion. 
Neither did the colour any ways change by repeaietl ridVaetions, 
hut continued always the same red entirely ns at livst. The like 
constancy and ininiutability I found also in the blue, green, and 
other colours. So also if 1 looked through a i)risni ui)oii jiny 
body illuminated with any part of this hoiuogeiK'.al light, as in 
the fourteenth experiment of the lirsi hook is described ; 1 could 
not perceive any new colour generated this way. All bodit‘s 
illuminated with compound light appear tlirough i)rism8 con- 
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fused (as was said above), and tinged with various new colours, 
but those illuminated with homogeneal light appeared through 
prisms neither less distinct, nor otherwise coloured, than when 
viewed with the naked eyes. Their colours were not in the 
least changed by the refraction of the interposed prisim I speak 
here of a sensible change of colour : for the light which I hero 
call homogeneal, being not absolutely homogeneal, there ought to 
arise some little change of colour from its heterogcneiiy. But if 
that heterogeneity was so little as it might be mode by the said 
experiments of the fourth proposition, that change was not 
sensible, and therefore in experiments, where sense is judge, 
ought to be accounted none at all. 

Exper, 6. — And as these colours were not changeable by 



refractions, so neither were they by reflections. For all white, 
grey, red, yellow, green, blue, violet bodies, as paper, ashes, rod- 
lead, orpiment, indigo, bise, gold, silver, cop]>er, gi'ass, blue 
flowers, violets, bubbles of water ting(‘d with various colours, 
peacock*s feathers, the tincture of ncphriUc^nn, and siieh 

like, in red homogeneal light appeai’ed totally red, in blue light 
totally blue, in gi'ccn light totally gi'ceii, and so of other colours. 
In the homogeneal light of any colour they all appeared 
totally of tliat same colour, wdth this only dilliu’ence, that soiiu^ 
of them reflected that light more strongly, otliers more faintly. 
I never yet found any body which l)y relh^cting homogeneal light 
could sensibly changes its colour. 

From all which it is manifest, that if tho sun’s light consisted 
of but one sort of rays, there would be* but. one colour in the 

1 ) 2 
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whole world, nor would it be possible to produce any new 
colour by reflections and refractions, and by consequence tliut the 
variety of colours depends upon the composition of light. 

DEFINITION. 

Tlie homogeneal light and rays wliich appear red, or rather make 
objects appear so, I call ruhrific or rcd-malcing ; those which 
make objects appear yellow, green, blue, and violet, I cull yellow- 
making, green-making, blue-making, violet-making, and so of the 
rest. And if at any time I speak of light and rays as coloured 
or endued with colours, I would be understood to speak not 
philosophically and properly, but grossly, and accordingly to 
such conceptions as vulgar people in seeing all these ex])crimonts 
would be apt to frame. For the rays, to speak properl}^, are not 
coloured. In them there is nothing else than a c(*rtain power 
and disposition to stir up a sensation of this or that colour. For 
as sound in a bell or musical string, or otlier sounding body, is 
nothing but a trembling motion, and in the air nothing hut that 
motion propagated from the object, and in the sensorimn 'tis a 
sense of that motion under the form of a sound ; so (‘.olours in 
the object aro nothing hut a disposition to rcllect this or that sort 
of rays more copiously than the rest, in the rays they are 
nothing but their dispositions to propagate this or that motion 
into the sensorium, and in ilie sensorium they arci sensations of 
tliose motions under the forma of eolouvs. 


APPENDIX a 

BlTRNINa MA(}NERIUM WIUH; A SOUin^K OF LIOTIT FOR 

m 0TU( uuPH 1 0 ruR v< )sks. » 

Another interesting practical application of our knowledge 
concerning the propcHics of the kind of light which 0(*rtuiu 
bodies emit when heated, is the employment of Uk*. light evolved 
by burning magnesium wini for photographic ])uri)uses. The 

^ Profftflrtor lioJM’OB on SpoHriim AnnlyfliR, Eoynl InHtituiinu of (ivcat Hrilaiii 
Proi'pptlinf'fl, Mny fl, 1 804. 
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spectrum of this light is exceedingly rich in violet and ultra- 
violet rays, due partly to the incandescent vapour of magnesium, 
and partly to the intensely-heated magnesia formed hy the com- 
bustion. Professor Bunsen niid the speaker in 1800 detennined 
the chemically active power possessed by tliis light, and com- 
pared it with that of the sun; and they suggested the application 
of this light for the pinpose of photognipliy. They showed^ that 
a burning surface of magnesium wire, which, seen from a point 
at the sea’s level, has an apparent magnitude equal to that of 
the sun, effects on that point the same chemical action as the 
sun would do if shining from a cloudless sky at a height of 
9® 53' above tlie horizon. On comparing the visible brightness 
of these two sources of light it was found that the brightness of 
the sun’s disc, as measured by the eye, is 624'7 times as great 
as that of burning magnesium wire, when the sun’s zenith dis- 
tance is 0^° 22' ; 'whilst at the same zenith distance the sun’s 
chemicid brightness is only 3G*G times as great, ircnce the 
value of this light as a source of the clicmic-any active rays for 
photographic purposes becomes at once a])parent. 

Professor Bunsen and the speaker state, in the memoir above 
referred to, that “the steady and equable light evolved by 
magnesium wire burning in the air, and the immense cboinical 
action thus produced, render this source of light valuable as a 
simple means of obtaining a given amount of clicmical illumina- 
tion ; and that the combustion of lliis metal constitutes so definite 
and simple a source of light for the puiposii of pliolochcmical 
measurement, that the wide distribution of nmgiu'siiim becomes 
desirable. The ajqdication of this metal as a source of light 
may even become (jf technical iin])ortaiic(i. A burning magiu'sium 
wire of the tliickiiess of 0*297 luillimetre (‘.volves, according to 
the measurement wc have made, as iiuicli ligliL as 74 sU‘aviiic 
candles of which live go to the ])ound. If this light lasted one 
minute, 0*987 nudre of wire, weighing 0*120 gramiiu*, would be 
burnt. In order to ])rodiice a liglit e([ual to 74 candles burning 
for ten hours, whereby about 20 lbs. of st(‘ariiu*. are eonsuined, 
72*2 gi'ammcs (2 J ounces) of luagnemum would be requiretl The 

’ Tiuiia ISfiH, 1)20. 
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magnesium wire can be easily prepared by forcing out tlio metal 
from a heated steel press having a fine opening at bottom : 
this wire might be rolled up in coils on a spindle, which could 
be made to revolve by clockwork, and thus the end of the wire, 
guided by passing through a groove or between rolleis, could bo 
continually pushed forward into a gas or spirit-lamp flame in 
which it would bum.” 

It afforded the speaker great pleasure to state that the foregoing 
suggestion had now been actually carried out. Mr. Edward 
Soustadt has succeeded in preparing magnesium on the large 
scale, and great credit is due to this gentleiuau for the ahlo 
manner in which he has brought the difficult subject of tlio 
metallurgy of magnesium to its present very satisfactory positioii. 

Some fine specimens of crude and distilled magnesium weighing 
3 Iba were exhibited as manufactured by Mr. Soustadt's process, 
by Messrs. Mellor & Co. of Manchester. 

The wire is now to bo had at the comparatively low rate of M 
per foot ; and half an inch of the wire evolves on l)uniing liglit 
enough to transfer a positive image to a dry e{)ll()di<)u ])late ; 
whilst hy the comhustion of 10 grains a perfect ])li()i()gi’ai)liic 
poi-trait may be taken ; so that the speaker helieved that for phoLo- 
gi'aphic purposes alone the magnesium light will prove most 
important. The photochemical power of the light was illustrated 
by talcing a poiimit^ during the discourse. In doing this the 
speaker was aided by Mr. Brothers, photograplua*, of Manchc*st(*r, 
who was the first to use the light for portraiture. 


APPENDIX C. 

ON THE CHEMICAL ACTION OP THE CONSTITUENT PARTS OP 
SOLAR LIGHT.a 

Tlie chemical action effected hy the several portions of the 
solar spectrum depends not only u])on the nature of the refraet- 
iiig body, but also upon the thickness of the column of air 
through which the liglit has to ])ass before decoinpositi(jn. In 
^ Of Prolusuor Punuluy, * Riiiisoii ami Roscor, Phil. Tjhiih. 1860 , 
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the following experiments we have employed prisms and lenses 
of quartz, cut by Mr. Barker of Lambeth, instead of ghws 
prisms, which, as is well known, absorb a large portion of the 
chemically active rays. In order to render our experiments as 
free as possible from the irregularities arising from variation 
in the atmospheric absorption, the observations were made 
(piickly one after the other, so that the zenith distance of the 
sun altered but very slightly. 

A perfectly cloudless day was chosen for these observations, 
and the direct sunlight reflected from the speculum mirror of 
a Silhermann’s heliostat through a narrow slit into our dark 
room. The spectrum produced by the rays passing tlirough 
two quartz prisms and a quartz lens fell upon a wliite screen, 
which was covered with a solution of sul]diate of quinine to 
render the ultra-violet rays and the accompanying dark lines 
visible. In this screen a narrow slit was made, through which 
the rays from any wished-for portion of the spectrum could be 
allowed to pass, so as to fall directly xipon the insolation vessel,^ 
situated at the distance of from four to five feet A finely- 
divided millimetre scale was also placed on the screen, by means 
of which the distance between the Fraunhofer lines could be 
accurately measured, and the portion of light employed thus 
exactly determined. 

In order to recognise with accuracy the various portions of 
the spectrum, we employed a map of the dark lines prepared 
by Mr. >Slokes, which ho most kindly placed at our disposal 
The figure (Fig. 9) contains a copy of Mr. Stokes’s map, with 
the distance measured by him, and letters given according to his 
notation. Wo have divided the space between the letter A in 
the red to the last ray Stokes observed, w in the lavender rays, 
into IGO equal pniiis, and wo represent the position and breadth 
of the bundle of rays which eHectod a given action upon the 
insolation vessel as follows : — If a bundle of rays lying between 

’ This was lillod with the soiisilivo mixturo of rliloriiio and liydro^i'ii 
tt»^i'th(‘r with water. Tlio elKuiiieully aotivo rays elloeled a union of tlie 
^nseH, and the resuUiiij; hydroehlorio acid gjia benif^ alwoihed by the wilier, ga\e 
fi dummitioii of voluino, directly ])ropnrti()iial to tlm inleiihily of tlie aetiiif,' 
r*liemu*nl ra\s. 
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the absciasse 20*6 aiid 34 iu Fig. 9, page ]8, Iiad to bo 
represented, we should call the edge of the bundle towards 
A, ^ OE, and that towards w, J FU, whilst ilic middle of the 
portion of the si)ectnim, which produces tlie action, wo call 
“ ^ DE to J FO.'' The breadth of this bundle of rays in whicli 
the insolation vessel was completely bathed was 
total length of the spectrum. 

The following table gives the direct results of a series of 
observations made by perfectly cloudless sky at IlGidelburg, 
on the 14th of August, 1857, under a barometric pressure 
of 0*7494m. The first column gives the numbers of the 
observations in the order in which they were made; (lolunm 11. 
the times of observation in true solar time; Column III. the 
portion of spectrum under examination; and Column IV. the 
action? corresponding to this portion. 


T. 

II. 

in. 

IV. 

1 

H. M. 

10 54 A.u. 

From J on to I . . 

4H-ft() 

2 

10 58 A.U. 

From jj D K to F . . 
Fioiii (Uo J 1)K . . 

1-27 

3 

11 4 A.M. 

0-47 

4 

11 8 A.M. 

From N, to K QU . . 

18-28 

5 

11 13 A.M. 

1^'roni 4 KS to j| H'f . 

2-03 

6 

11 41 A.M. 

From -’I HT to 1 UV . 

1-27 

7 

11 47 A.M. 

From 4 N+(^) to 1 HM . 
From -J ST to 8 UV . 
From J- IMj to 

11-73 

8 

11 50 A.M. 

1-(I2 

9 

n 54 A.M. 

37-87 

10 

11 57 A.M. 

From llj to } JAI^ 

57*42 

11 

U 1 P.M. 

From Hilo JIM 1 

52-30 

12 

0 4 v.M. 

From ^ (HI to 11 . . 

01 -38 

13 

0 7 I'.M. 

From i F(} to (1 . . 

27*04 

li 

0 1(1 I'.M. 

From FO to ( I . . 

28-74 

15 

0 20 I'.M. 

From J HE to F . . 

1-30 

1 16 

0 25 I'.M. 

From 4 N 4 Q to \ US . 

13-19 

17 

0 32 I'.M. 

From 4 to i US . 

12-41 

18 

0 40 I'.M. 

From (} to J Oil . . 

53-78 

19 

0 42 I'.M. 

From t UH to 11 . . 

58-74 

20 

0 45 P. .M. 

From iJ Oil to 1 . . 

53-0 

' 






If the refraction of the unit amount of ineideiit light which 
is reflected from tlie iniriur of the hcliostal at the coinnumee- 
luent and at the end of the series of the (‘xperiments be cal- 
culated, we get the numbers 0*G44 and 0*G42, which dilfer so 
slightly that the variations brought al)out by the reflection mny 
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be neglected witliout overstepi)iiig the obsei^vatioual errors. At 
the times of observation on the 14lh of August, 1857, the sun’s 
zenith distance was as follows : — 

At lOh. C4m. AM. . . 37*’ 35^ 

At 0 0 A.M. . . 35 13 

At 0 45 r.M, . . 3G IG 

The chemical intensity of tlie sun’s rays at these various periods 
may be calculated by formula (14). They arc in the proportion 
of the numbers 1*002, 1-000, and 1*01 C. Although the differ- 
ences between those numbers are but small, wo have reduced 
all the observations to that chemical action which would have 
been observed if they had all been made at 12h. Om. a.m. 
upon the day in question. The following Table contains the 
numbers thus reduced, the mean value having been taken of 
those observations which occur more than once : — 


No. 

Truo Bolar timo. 

ruaiLloii In tlio apfloLruni. 

Rolntlvu 

action. 

1 

11. M. 

10 54 A.M. 

From J Oil to I . . 

52-7 

2 

10 58 A.M. 

From ) DE to III . . 

1*3 

3 

11 4 A.M. 

FromOloiDE . . 

0-6 

4 

11 8 A.M. 

FromNitoJQR. . 

18’9 

6 

11 13 A.M. 

From i fea to J ST . 

2*1 

6 

11 41 A.M 

From S ST to g UV . 

1-2 

7 

11 47 A.M. 

From 4 N,Q to J KH . 

12-5 

8 

11 54 A.M. 

From I M 1 to N 1 

38-0 

9 

0 1 V. M. 

From 11, to ^ IM, . 
From i (III to II . . 

6.0 -1 

10 

0 4 r. M. 

GO -6 

11 

0 10 1* M. 

From F(J to (J . . 

2R--I 

12 

0 20 V M 

From 7 I)F lo F . . 

From (i to i GH . . 

l**l 

13 

0 40 r.M. 

51-5 


The lines a a it it (Fig. 0, page 18) give a representation 
of the relative elKunical action wliicli the various parts of the 
s])ectrum, the rays of which have, only passed tlirough air 
and quartz, cllect on the Hensilive mixture of chlorine ajid 
hydrogen. It is seen that this action attains many ma.xima, 
of which the largest lies by J (U! to ir, and the lu^xt at i, and 
also that tlie action diminishes much more regularly and rai)idly 
lowards the red than towards the violet eml of the speetnim. 
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The sTiii, when it was employed for these experiments, was 
35® 13' removed from the zenith. If the atmosphere were 
throughout of the density corresponding to 0’76m. and 0° 0., the 
perpendicular height wliich, during our experiment, it would 
have possessed, is 


07494 

0*000096084 


= 7881 metres. 


The depth of atmosphere through whiclx the rays had to pass in 
this experiment was, however, 


We have stated in one of our previous conmmnications,^ 
that the solar rays which at different hours of the days jiass 
through the same column of chlorine are altered in a very 
different manner. This shows that rays of different choinical 
activity ore absorbed in very different ways l)y the air. The 
above results are therefore only applicable for sunlight which 
has passed through a column of air, measured at ()-7()m. and O'* 0. 
of OjGi? metres in tliickuoss. For rays which have to puss 
through a column of air of a different length from this, tlio 
chemical action of the various constituents of the spiMjti'um 
must he different. The order and degree in which tlio choinical 
mys are absorbed, may he obtained by repenting tluj oh.serva- 
tions according to the above method from liour to lioiir during 
a whole day. Such a series of exporimeiils we have unforiu- 
nately as yet been unable to execute, owing to tlui variability 
of the weather in our latitudes. One very imperfect Heri(‘s of 
observations we can, however, quote, and llioy sullict^ to show 
that the relation between the chemical action of tlio sjieclral 
coloum is perceptibly altered when the tliickiicss of air tlirough 
which the rays pass changes from 9,047 to 10,735 metr(».s. 

These experiments were likewise made on August 14th, 
1857, in the slioi't space of time from Oh. 44in. to 1 OIi. 10m. a.m., 
and gave the following numbers reduced to tlie zenith diatauco 
(42° 4C'), corresponding to lOh. Om. a.m. They were, however, 
made with a bundle of rays of a different thickness from the 


1 Phil, Tmiifi. 18 .jr, p. « 17 , &p. 
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former experiments, and therefore cannot be compared with 
those. 


No. 

Time. 

Porliuii of Hpei'truni. 

Rt‘iatlvo 

cliL'iulral 

lu'llon. 

1 

ir. M. 

9 44 A.M. 

Prom 5 GH to I . . 

14-6 

2 

9 48 A.M. 

From No to Ha . . . 

10‘1 

3 

9 64 A.M. 

From to ^ ST . 

2-4 

4 

9 60 A.M. 

From i ST to P . . 

0*0 

5 

10 4 A.M. 

Kiimi (t to i (ill . . 

13-0 

6 

10 8 A.M. 

From F to } F(3- . . 

71 

7 

10 11 A.M. 

From 6 to i F(J- . . 

3*2 

8 

10 16 A.M, 

From 1 DK to J EF . 

0-4 


From this it is seen that the relation of the choinical action of 
the s])e(itrum from the line E to the line ii Tiiulergoes a consider- 
able alteration when the rays have to ])ass through a column of 
air 10,733 metres in height instead of 9,047 metres. 

An extended series of measurements of the cheiDical action of 
the several portions ol the solar spectrum under various con- 
ditions of atmospheric extinction may prove of gi'eat interest, 
if, as we can now scarcely doubt, the solar spots nppear at 
regular intervals, and our sun belongs to the class of fixed stars 
of variable illuminating power. It is possible that such obser- 
vations, made during the presence and during the absence of the 
solar spots, may give rise to some unlooked-for relations con- 
(•(U'liing the singular phenomena occurring on the sun’s surface. 
WludluT, however, the atinosphoric oxlinetion can ev(‘r be 
determined with sulbcient accuracy to rend(a‘ visible the alter- 
ation in the light which probably occurs with the s]>ots, is a 
question which can only be decidcid by a scu'ies of (‘xpcTimental 
investigations which must extend far beyond the scoi)e of any 
single observer. 




LECTURE II. 


CoxitinuouB SpecLrnm of Incandescent Solids. — ^Ellcct of Incroaso of 
Heat — Biokon Speotram of Glowing Gases. — Application to Che- 
mical Analyais. — Spectra of the Elementary Bodies. — Construction 
of Spectroscopes. — Means of obtaining Substances in the State of 
Glowing Gas. — Examination of the Spectra of Coloured Flames. — 
Spectra of the Metals of the Alkalies and Alkaline Earths. — ^Deli- 
cacy of the Spectrum Analytical Method. 

Appendix A. — Description of the Spectrum Reactions of the Salta of 
the Alkalies and Alkaline Earths. 

Appendix B. — ^Bunsen and Kirchhoff on the Mode of using a Spectro- 
scope. 

Appendix C. — Bunsen on a Method of mapping Spectra. 


In the last lecture I pointed out to yoit some of the chief 
properties of the light with which we are now, I am 
glad to say, niumiued — the light of the pun. I ex- 
plained that the white sunlight can he divided ti[) into 
a large number of different coloured rays l)y means of 
the prism ; that these differently refrangilde rays ])0SReKs 
different properties, that we find the lieating rays eliiefly 
situated at the red end, or in the least rcfrangihhi 
part. I showed tliat we could separate out l)y certain 
means the light rays from the less refrangilde ulti-a-red 
rays, and obtain at the focus of these rays the plus- 
nomena of incandescence and of combustion, showing 
that these rays, which do not affect the eye, are eapalile 
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■wlien brought together of producing ignition. We also 
saw that at and beyond the other end, the blue end, of 
the spectrum wo have the rays termed the chemically 
active rays, and that these rays are capable of pro- 
ducing chemical change. 

We proceed to-day in the examination of the action of 
heat upon terrestrial matter in so far as it produces light. 
The question may very properly bo asked, “ What has all 
this to do with chemical analysis ? ” It might bo said, 
“ It is true you have pointed out the difference between 
the various parts of the solar spectrum ; but how is this 
connected with the analysis which wc (ixpect to be told 
about — with the metliod by means of whioh chemical 
substances may bo detected or examined with a degree 
of accuracy beyond anything that has hitherto been 
attained ? ” In order to enable you to answer this 
question, let us begin by examining the action of heat 
upon terrestrial matter, and, in the first place, upon solid 
bodies. I have here the means of heating a long piece 
of platinum wire, first of all to redness, and by diminish- 
ing its length I shall be able to increase the temperature 
of the wire gradually until 1 raise it to the melting point 
of platinum. The first thing wc observe when a solid 
body, such as this wire, is heated, is that it becomes red 
hot, and that as wi* increase the tempemturo, the light 
which it gives off' increases in refrangibility, so that it 
ends by emitting light of every di'grcc of refrimgibility. 
I cannot show you on the screen the spectrum which this 
heated wire yields, simply because the intensity of light 
Avhich it omits is insufficient for the purpose; but if 1 
W'cre to allow the light to fall into my eye through a 
prism, I should see that the red rays become first visible, 
and that then a gradual increase in the refrangibility of 
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the light occurs, and that successively -yellow, green, blue, 
and violet rays will be emitted as the temperature is 
increased up to a white heat, when all the rays of light 
are given off. • 

I will endeavour to render this fact 'V’isiblc to you in a 
rougher way by heating the wire gradually up to white- 
ness, and aUowing the light to pass thi'ough these coloured 
glasses placed between you and the wire. At first, when 
it is red hot, the glowing wire will be visible only through 
the red glass, none of the rays are able to pass through 
the blue glass ; or in other words, there is no blue light 
given off at first: when the temperature is increased, 
blue rays are given off, and these can pass tlirough the 
blue glass, as you now plainly see when I increase the 
temperature of the wire. Here I can iucrcaso the tem- 
perature of the wore until we get at a point at which I 
have no dbubt you will bo able to see that the blue rays 
are visible. The wire is now giving off’ l)luo light, and 
if I continue this and go on until the wire becomes 
intensely white hot, you wOl see it through this bine 
glass perfectly well. 

Such then is the action of increased temperature upon 
solid bodies. If I had taken any other substance which 
I could have heated in the same way, I should have 
produced the same effect ; for it has been found tliat all 
solid and liquid substances act in this same way with 
regard to increase of heat ; they all begin to be visildy 
hot at the same temperature, and the spectrum thus 
produced is in every case a continuous one.^ I may 
remind you that this is die case by agiiin throwing on 

’ This law was disoovored by Draper (Phil. Mag. 1847.) The 
only known exceplion to this law is glowing solid Erbio, whoso 
speotram exhibits bright lines ; see Appendix C to Lecture IV. 
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the screen the spectrum of the white-hot carbon points 
heated in the electric arc. Here we have this grand 
continuous band of light. The arrangements for pro- 
ducing this are simple enough. We require to connect 
the terminal wires from about sixty pairs of Groves’ cells 
with the carbon doctrodes of a Duboscq’s lamp (e) con- 
tained inside this lantern. The light passes through a 
narrow vertical slit (a, Fig. 17) and by means of the move- 
able lens (c) a distinct imago of the slit is thrown upon the 



screen (w w). A hollow prism iilhul with bisul]ihidc of 
caibon (yi,) is now introduc.ed at tlic disiance of about two 
feet from the lens, tlie lamp, with the arm cariying lens 
and prism, turned roinid until the coloured band falls upon 
the screen, and the ])riHm then adjusted to the angle of 
minimum deviation for the yellow rays. Asi'-cond prism 
(pa) is next iiitorj)osed, and the lamp and arm again turned 
so as to allow the lengthened spectrum to fall on th(‘ screen. 
A drawing of lamp, lens, and prisms, thus placed, is shown 
ill Fig. 18. 

How does tlie case stand with resjiect to that impor- 
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taut form of matter termed the gaseous \ Do gases when 
they become incandescent all emit the same kind of light, 
like solids, or does each chemically different gas emit a 
characteristic and peculiar kind of light ? I purpose now 
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to show you that every different chemical element in the 
state of gas, when heated until it becomes luminous, gives 
off a peculiar light; that the spectrum of every ele.inont 
in the state of glowing gas is totally different from 
that of any solid body, inasmuch as, instead of giving a. 
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continuous spectrum, it presents a broken or discontinuous 
one containing bright bauds or lines, indicative of the 
presence of the particular elementary gas in question.^ I 
will illustrate this fundamental ditfenmcc*. to you by moans 
of the following experiment. It has long been known 
to chemists that certain substances have the power when 
brought into a colourless flame of producing peculiar' 
tints. Thus for instance, if wo bring various bodies into 
the flame, such as the alkalies soda and potash, we 
observe that the flame becomes coloured in the first 
instance of a bright yellow and iir tlio second case of a 
pale violet tint; whilst the salts of strontium colour 
the flame criinson, and those of barium product' a green 
tnit, arrd calcium coinpourrds impart a red colour to 
flame. Here we have the beautiful rron -luminous giis 
flame pi'oduced by the combustion of coal gas mixed 
with air, in what we know as the Bunscir burner. The 
air and gas mix in the chimney, the gas issuing from a 
jet at the centre of the foot and the air entering by tiro 
holes at the side ; the mixture burns with a light blue 
fliimti, which wo can tiugti with the peculiar colours of 
the. jilkalies by bringing a small fused bead of sa.lt into 
the outer mantle of the fliinie on tlie, loop of thin 
platinum wire (Fig 1!)). II (‘re is itnollier subslan(i(' called 
lithium: if we bring the slightest tra(‘.e of this lithium salt 
into the flame, you ])erceive the niagiiiJicent crimson tint 
which it at once imparts to the flame, whilst in these, 
other burners we see the. colours due. to the salts of 
potassium, calcium, stroutiuin, and barium. 

A most impoitaiit observation has now to be. made, 
uiimely, that all the. salts of sodium giv<i olf this yellow 

■ iriulor pciculiar circunmlaiiooH (torliiiii iiicaiuluBcciit f<nB08 givo 
cdiiliiiuouB .spoolra; bw iijiiiondix 1) to Li'cluni III. 

E 
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ligtt when brought into the flame; so, too, till the lithium 
compounds tint the flame crimson ; and this property of 
emitting a peculiar kind of light is one of the means by 
which the presence of these various chemical suhstauces 
can he detected. Here I will produce a peculiiu" blue 
flame by a substance which diiievs entirely from the 
foregoing in properties, viz. the non-metallic element 
selenium : it is a very volatile Bxihslmice, and the blue 
flame lasts only for a short time. Further on we have 
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th(‘ characteristic green c()l()ui» conuminieated to the 
flame by salts of copper and boracic acid. 

I will next .show you the name thing in other way.s ; 
for iiistiinee, 1 can here produce a nuic.h larger flanu', 
and show you the, colour of the sa,ni(i salt.s. 1 hav(i a 
large gas burner width, when urged by this Idowjtipe, 
gives us a colomless flame three fetd long. If 1 hold in 
this flame juec.es of pumice stone moistened with .solutions 
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of tlie cHorides of sodium, potassium, litliium, barium, 
strontium, and calcium, tbo colours imparted by these 
substances will be rendered evident. Again, I have 
another illustration in these gun papers, which have 
been soaked in solutions of the chlorates of these metals 
and then dried. The combustion is rather quick, but by 
reflection on the white screen their peculiar colours come 
out well. Here you have the purple potash tint ; here 
the bright green colour characteristic of the barium 
compounds. The common fireworks of the stage are 
further illustrations of the peculiar colours produced by 
certain chemical substances. I may imitate the red fire 
by igniting some chlorate of stronliuni in (;oal gas; wc 
must melt the salt and then plunge it into the jar of 
burning coal gas, when we get this splendid combustion 
of oxygen in coal gas, coloured crimson by the ignited 
vapour of strontium salt. 

We have already seen that the quality of the light 
emitted by solid bodies varies with difference of tem- 
perature. The quality of the light emitted by gaseous 
bodies, however, with certain exceptions — about which 
I slnill have to speak subsccpieutly — does not vary 
under change of temperature. Here 1 liave tlie means 
of igniting some sodium .salt at variou.s t(!niperaiur(‘,s. 
I have in the first ])la.oc the bluish ilanie, of burning 
sulphur, one of the colde..st flames we can obtain, tlu'! 
temperature being only 1,820° Centigrade ; thou J next 
have the flame of burning carbon di.sulphide, having a 
temperature of 1,295° C. Here wo see the flaiiu! of eoal 
gas burning mixed with air : if I c.ut ofl' llui air, we get 
the common luminous flame, of coal gas; but if 1 allow 
the air to mix with it before it burns, Ihi'ii.wc have this 
beauliful non-luminous flame, I'he temperaiure of this 

K 2 
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flame lias been cfilculated to be 2,350° C. Hero I have 
another flame, the blue flame of carbonic oxide gas, the 
body which produces the blue lambent flame frequently 
seen in coal fires ; the temperature of this flame is some- 
what higher, and has been calculated at 3,042°. If I 
bring a Httle common salt (sodium chloride) into these 
flames, you observe that in all cases we got the flame 
coloured yellow. I have here a hydrogen flame, of which 
the temperature is 3,259° C., and you see, when we bring 
the sodium salt into it, we have the same yellow flame 
produced ; in other words, we cannot get sodium vapour 
either red-hot or blue-hot, it always remains yellow- 
hot ; that is to say, the first moment that the sodium 
vapour becomes luminous, it gives off this partic.ular 
and peculiar yellow hght, and if we heat it more, the 
effect is not to alter the refrangibility of the rays, but 
merely to increase their intensity. 

As a further iUustiution, we have this oxyhydrogen 
flame, of which the temperature is 8,051° (5. If I bring 
a piece of soda into it, the effect is intense ignition ; but 
still there is only the yellow light, no blue light. This 
indicates to us that when a body becomes gaseous, the 
light which it gives off is of a pni-ticular kind, and 
does not alter where we increase the tcnnperature. (.)uo 
other experiment will indicate this to you still more, 
fully, and this I can make by means of the electric 
spark, which I have hero the means of producing. The 
temperature of this electric spai-k is so high that it 
has never been measured, but it is certainly inlinitely 
higher oven tlian the temperature of the oxyhydrogen 
flame. Still, if I bring this piece of sodium salt into 
the electric spark, I find that the same thing occui's, 
I get the same yellow coloured light ; and if I take some 
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other substance, such as lithium, the permaiieiit red 
colour which lithium vapour gives off will he clearly 
seen. 

Now the methods hy means of which we can ohtaui 
bodies in the state of luminous gas vary with the naturcj 
of the substance, but I would beg you to understand 
that the property whicli wc have noticed with regard 
to sodium is not confined to those bodies wliich have 
the power of bemg volatilized in such a flame as I have 
burning before me. This property belongs to matter 
in general ; it belongs to every chemical element, and 
if we can by any method get the vapour of a chemical 
element so hot as to bec.ome luminous, w'c'. find that the 
light omitted by it is peculiar to itself, and is distinctive 
of that special body, whether under the ordinary dr- 
cumstances the element be gaseous, solid, or li(piid. 
Hence you see that we have at last reached the principles 
upon which the science of spectrum analysis is liased, by 
means of which we can detect the presence of any of 
the elementary bodies when they can bo obtained in this 
state, of glowing gas. 

We. must now pass on to the consideration of the 
various methods liy which the elements can l)o obtained 
tis luminous giuses. 

J would propose to confine our atiention in this lecture, 
to the method by which we can detect the, presc.nc,e of 
the alkalies and idkaline earths, of the spectra of which 
wc have had illustrations. I would first point out 
to you the kind of spectrum which we obtain when wc 
look at these vaiious (ioloured flames through a ])risni or 
spectroscope, to the construction of which we will now 
briclly refer. 

The simplest form of spectroscope which Biinscn first 
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adopted is represented in. Fig. 20. It consists of simply 
a common hollow prism placed in a box ; a telescope at 
one end, and a slit placed on a tube with a lens at the 



other end, in order to obtain a pure spectrum, anti to 
render the rays parallel. The substance to be examuicd 
is placed in the coloiuless Bunsen’s flame, mid the light 
passing tlirough this slit falls upon the prism, and having 
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thus been split up into its constituent parts, the differently 
coloured rays pass through this telescope, are magnified, 
and then fall upon the retina. In Fig. 21 we have the 
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more perfect form of tlie instrument represented, as made 
l>y Steinheil of Munich.’ With this we are enabled to use 
two flames, and the apparatus is so arranged that we can 
SCO the. two spectra placed one above the other. The 
object of this super] )Osition. of the spectra is evident ; 
it is to enable us to sec whether the substance under 
examination really is the body which it is supposed to be. 
For instance, putting a small quantity of the substance 
wo know to contain sodium in this flame, we place a 
substance supposed to contain sodium 
in the other flame, and then by means 
of a. small reflector ])laccd on the end 
of tl)i‘ slit we have the spectra of these 
two flames sent into the telescope one 
above the other, so that we see at the same time the spec- 
trum of the purci sodium and the spectrum supposed to 
be that of sodium ; and we can readily observe whether 
the lines coincide. If they coincide, and the two spectra 
have these lines exactly continuous one below the other, 
then we are quite eertain that sodium, or any other 
sidwtance which we may have been investigating, is 
* Thin iiiHiiTiiiu’nl (loiiwiRtH ol’ a priisni {(i) lixed upon a firm iron 
Htdiml, ami a iiibt* (A) carryin^^ tho slil, (t/), seon on an enlarged 
Hcalo in Kii'. 1^2, through wliic.h the rays Jroiii the coloured HaineB 
{e ami e) lall uiioii thn iiriwm, being rondeved pamllel by passing 
through a leim. The light, liaving boon reiractod, is received by the 
telefloopG {f)y uml tlio image luagiiifiod before reacliing the eye. The 
rays from each Ilaiuo ar(‘, made to pass into the telescope (/), one set 
tlirougli the upper uncovered half of the slit, the other by reflection 
Irom the sidea of the Binall prism (c;), Fig. 22, through the lower half ; 
thus bringing tlm two Bjieetra into the field of view at once, so as to 
1)0 able to inako any wislied-for c-ouiparison of tlie lines. The small 
lumiiioufl gas llanie {h\ Fig. 21, is placed so as to illuminate a fixed 
scale conlained inside the tube* ( 7 ) : this is reflected from the surface 
of the ])rihm (rf) into tlio telcrtco))<‘, and servcn as a Tnenna of measuring 
the posii ion of the lines. 
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present. The arrangements — mechanical and optical — 
of these instruments I need hardly trouble you with in 
detail. I have here a variety of spectroscopes kindly lent 
to me by the maker, Mr. Browning, one with one, one 
with two, one with three, and one with four prisms. The 
more prisms we employ, of course the gi’eator difiporsion 
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WO get, the more is the light drawn out into its s]iO(‘.ial 
varieties ; and of course the greater also is the inti'iisity 
of the light which it is necessary to employ in order to 
get the light to pass through this greater number of 
prisms. 

I will show you first a drawing of the actuiil arrange- 
ment used by Kirchhoff (Rg. 23). There, you ae('. tin', 
prisms employed, four in number, placed one behind 
another on a horizontal table of cast iron. The light 
passes through the slit at the end of this tub(». I fi're (toj) 
of Fig. 23) is an enlarged representation of tho slit ; on 
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tliia is placed a small reflector to enable us to got two 
spectra — the two superposed. The light passes through 
the fine vertical slit, the rays are rendered parallel liy 
the lens fixed at the end of the tube (a) ; it then passes 
through these four prisms, and the rays thus split up 
into constituent parts fall on to the telescope (b), at 
the end of which the eye is placed. This, then, gives 
you the simplest form of spectroscope, and at the same 
time the moat delie-ate and complete. 

We have here rejiresentations as tinly painted as 
poa.sible (see. Fi’ontiajiiiK’.e) of what is seen when we allow 
a light from such <*oloiirod flames as those which have 
been burning to fall on to the retina through a ajx'ctro- 
scope ])rope.rly arra.nged. 

At the to]) of the diagram (No. 1) is a di'awing 
showing a solar sjH'e.trum, and underneath we have the 
spectra of the a.lkali(*.s ami alkaline earths, potassium 
(No. 2), sodium (No. 7 ), and lithium (No. 8), caleium 
(No. !)), strontium (No. 10), and barium (No. 11), 
together with the tw'o new metals rubidium and e.a3sium 
(Nos. and 4 ), discovered by Bunsen, about which 1 
shall s])eak in my next h'cture ; also the spectra of 
thallium and indium (Nos. .'5 and ( 5 ), two other new 
metals, one of which was lately discovered by our 
e.ountiyman Mr. (h'ookes. You will perceive in the first 
l)laee that each of these s])cctra is ditrerent from the rest, 
although they all possi'ss the common characteristic of 
containing bright lines or bands, which occur in various 
])ortions of the s])ectmm, and indicate the ])e(‘.uliar kind 
of light which these, various bodies, when brought into 
a state of glowing gas, (>mit. TIu' sodium flame wlu'n 
observed by means of the spectroseo])e exhibits only 
one bright yellow lim* ; in other words, this light is 



58 


SPECTRUM JMALVRIS. 


IliRCT, II. 


monockromatic : ' sodium vapour gives off light of one 
degree of refrangibility oidy, and the spectrum is con- 
fined to one very narrow yellow baud. The red light, 
which we saw was due to the presence of lithium, when 
seen through a prism gives this beautiful red line, to- 
gether with this paler oranee line. I need not describe 
the more complicated spectra of sti-ontium, calcium, 
and barium : suffice it to say that they each yield 
peculiar bright bands, perfectly characteristic of the 
metal in question, as is seen at once by reference to the 
drawings.^ 

For the purpose of enabhng any observer unacquainted 
with the spectra to identify with certainty the presence 
of any of the foregoing metals by means of tlieir bright 
lines, and to lay down their positions in his own instru- 
ment, the following method of mapping the spectra has 
been devised by Bunsen. The millimotrc scsiles (Fig. 
24) represent the illuminated divisions seen with the 
scale of the spectroscope {g, Fig. 21) : the. exact position 
of the bright lines in any spectrum is shown by the 
black marks below the divisions; whilst their breadlli, 
intensity, and gradation are indicated by the breadlli, 
depth, and contour of these blackened surfaces. When 
the spectrum contains a continuous portion of liglit, this 
is shown by a continuous black band above the divisions. 
The positions of the fixed solar Hues arc given on tlu^ 
first horizontal scale, and those of the moat prominent 
bands in several of the elements are placi'd as fiducial 
points at the bottom of the map.® 

Now we may ask ourselves, “ What improvement is 
this method of analysis upon our ordinary chomi(!al 

^ For the special description of these spectra see Appemlix A. p. ()H. 

^ For further information see Appendix C. p. SH. 
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methods ? What benefit is it to us that barium gives 
us these peculiar bands, that strontium yields certain 
diBEcrent bands, that calcium produces others again? 
We know already that the chemical reactions of those 
bodies are verj' different, and we can detect these sub- 
stances by ordinary chemical analysis.” The answer to 
this is that the new method is far more delicate than 
anything which we have hitherto emidoyed, so delicate 
indeed as almost to pass belief, so that we have hereby 
obtained a means of examining the composition of 
terrestrial matter with a degree of exactitude hitherto 
unknown. 

I will try to give you some idea of the delicao.y of 
these spectrum reactions. I can show that the ivatition 
for sodium is so sensitive tliat we can detect tlio 
presence of sodium in everything. There is not a speck 
of dust or a mote in the sunbeam which do(‘H not 
contain chloride of sodium. Sodium is a prevailing 
element in the atmosphere ; we are constantly breathing 
in portions of this elementary substance together with 
the air which we inhale. Two-thh-ds of the earth’s 
surface is covered Avith salt water, and the fine sju’ay 
which is continually being carried up into the air 
evaporates, leaving the minute specks of salt Avhich Ave 
see dancing in the sunbeam. If I clap my hands, or if 1 
shake my coat, or if I knock this dusty Ijook, 1 think 
you Avill observe that this flame becomes yellow. This 
is not because it is the hand or coat of a chemist, but 
simply because the dust which everybody carries about 
with him is mixed Avith sodium compounds. If 1 place 
in the colourless flame this piece of platinum Avire, Avhic.h 
has been lying on the table for a fcAV minutes sinc-cj I 
heated it red hot, you see there is sodium in it ; there, 



LBOT. II,] 


DEllCACT OF SPECTRUM ANALYSIS. 


61 


we have for one moment a glimpse of a yellow flame. 
If I heat the wire in the flame, the sodium salts will all 
volatilize, and the yellow flame will quite disappear; hut 
if I now draw this wire once tlu’ough my fingers, you 
observe the sodium flame will on heating again appear. 
If I heat it again and draw it thimigh my mouth, it wiU 
be evident that the saliva contains a very considerable 
quantity of sodium salts. If I leave the wire ex- 
posed here, tied round this rod, so that the end does 
not touch anything, for ton minutes or a quarter of an 
hour, I shall obtain the sodium I’C'action again, even if 
the wire be now perfectly free. This is because sodium 
salts pervade the atmosphere, and some ])artudes of 
sodium dust flying about in the air of the. room settle on 
the. wire, and show their jirescnee in the flame. 

1 shall ho])0 in the next lecture to (ionsich'r the histoiy 
of the. subject, and to point out to you that this constant 
reae.tion of sodium puzzled the old observei's very much. 
They thought this reaction must bo duo to the presence 
of water, I'or there WiW no other substance, which was 
BO <;ommonly dilluised ; and it is only recently that this 
yellow reae.lion has been found to be due to this metal, 
sodium. To rel'er for a monu'nt to the. distribution of 
lithium (‘.omjiouiids : we must I’enuunber that this sub- 
stance, giving the, beautiful red flame which you saw just 
now, and the, spectrum exhibitmg the one bright red line, 
was only known (o exist in three or in four compara- 
tively rare minerals until lately. The moment, however, 
wo come to examine sub.stimces by the spectrum analy- 
tical method, we find that the brilliant red line, which is 
charac.teristic of the. pi'csenee of lithium, occurs very 
frequently. And why was not the red flame noticed 
before 1 Because when the light was examined by means 
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of the eye alone, the red-coloured jflamo was masked by 
the presence of soda salts and other substances affecting 
the flame, so that the red tint produced by the small 
quantity of lithium was unseen. But when we examine 
the flame with the prism, then all these lines range 
themselves into due order, no one inteifering with the 
other. The presence of lithium may be thus easily 
detected, though it may be mixed with ten thousand 
times its bulk of sodium compounds, because, as you see 
by reference to this chart, the sodium lino occurs in a 
different position to the lithium line, according to the 
differences in their refrangibilitics. And we learn that 
this supposed rare substance is found to be moat widely 
distributed, — not, it is true, in very large fpiantities ; 
but still that it is one of the most widely difi’uaed of 
the elementary bodies. Lithium not only occurs in 
very many minerals, but also in the juice of plants, 
in the ashes of the grape, in tea, coflee, and milk, in 
human blood, and in muscular tissue. And who knows 
what part this hitherto rare substance may not play 
even in the animal economy? It has been also found in 
meteoric stones, in the water of the Atlantic, Ocean, as 
well as in that of most mineral springs' and many riv(‘rs. 
It is present in the ashes of tobacco, and, if we hold the 
end of a cigar in the colourless flame,, we may always 
notice the red lithium line whim the light is ('xamiiu'd 
with a spectroscope. 

Here WG have a table showing tlio groat doliojicy of the 
‘spectrum analytical method. 

Dr. W. Allon !Miller luis lately found lithium iu very larf^e 
(luantities in tlio water of a spring in tlm AVh(‘aI Clill’ord JMiiie in 
Cornwall (Chem. iTews, x. 181). This water contains grains of 
lithium chloride in one gallon, and the R])ring flows at such a rate as 
to pour forth 800 lbs. of this salt every 2 1- hours. 
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1. Sodium. iuoa TSTTs part of a milligramme, T riooioooit 
part of a grain, of soda can easily bo detected. Soda 
is always present in tbe air. All bodies exposed to the 
air show, when heated, the yellow soda lino. If a book 
be dusted near the flame, the soda reaction will be seen. 

2. Lithium. -rWinnr part of a milligramme, or BDuio - iro 
pai-t of a grain, can be easily detected. Lithium was 
formerly only kuowu to exist in four minerals : it is now 
foxmd by spectrum analysis to 1)C one of the most widely 
distributed elements. It exists in almost all rocks, in 
sea and river (Thames) water, in the ashes of most phmts, 
in milk, human blood, and niviscular tissue. 

3. Stroutium. waosv ‘)f a milligramme, or njBoTnnr of 
a grain, of strontia is easily detected. Strontia has been 
shown to exist in very many limestones of different 
geological ages. 

4. Calcium, loo'ooo of n milligramme, or i(ro"ooff of a 
grain, of lime can la* easily detected. 

5. Ccesium and Ituhidlnm. These now alkaline metals 
were discoveriid by Uuiiseu in tins mineral waters of 
Biiden and Diirkheim. Forty tons of mineral water 
yielded two lumdred grains of the salts ol’ tlui new 
metals. 

G. Thallium. A now metal dise.ovca-ed by Mr, (Irookt's 
in 1861, dLstiiiguislnid by the sjdendid greeJi line which 
its spectrum exhibits. It is found in iron pyrites, and 
resembles lead in its properties. 

7. Iiidi)m. Discoveri*(l in zinc blende by Professors 
Pcieh and Eiehter : found in vciry minute (piantities. 
It is distinguished by the two indigo bands seen in 
its spectrum, 

I will now endeavour to illustrate, by means of the 
('leetric lam]>, the fact that all these bodies give off 
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coloured lights, and that each of these coloured lights is 
of a peculiar kind ; and I would wish first to show you 
that when we bring a small firaction of a grain of 
common salt, chloride of sodium, on to the lower carbon 
of the lamp, we have here a distinct yellow band which 
was not seen before, for previously, you will remember, 
we had a perfectly continuous spectrum. This yelhjw 
band is due to the presence of sodium : you will 
probably see that there are other bands present as well 
as the sodium band, because it is impossible, owing to 
the delicacy of these reactions, to obtain any carbon 
which is perfectly free from other chomicid salts, and the 
small impurities which exist in the carbon come out as 
evidence against us on the screen ; yet I think you will 
see that we have the sodium hue more distinctly scon 
than anything else. 

No other metal but sodium gives this yellow band ; 
still I must beg you to understand that this lough r<‘i)re- 
sentation is not exactly that which you would see if you 
were to look at the yellow soda flame through a prism, 
by means of an accurate spectroscope. I wmdd wish 
you to remember that this yellow lino is in reality double 
when examined with a perfect optical arrangement, and 
that these lines ai’e very fine, placed close together, and 
as thin as the finest spider’s web. It is only l)ccauso 
the arrangements I have to employ hero for the purpo.s(! 
of exhibiting these fines on the screen arc, ojjtically 
considered, very crude and rough, that wo get any 
appreciable breadth of this line. 

Now allow me to show you the fight which the body 
lithium gives off. Por this j)urposc I will lu’ing it on 
the same carbon, for by a new one we should not gain 
much, as all these poles are more or less impure. Here 
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you observe the red lino, which was not noticeable before. 
This splendid red line is due to the presence of lithium; 
and when we see this red line through an accurate in- 
strument, it appears as fine as the finest slit of light 
which we can take. This bright red line is always 
found exactly in the same position; and the fixity of 
these lines is in fact the most important principle 
involved in our inq^uiry : they are unalterable in 
refrangibility. 

I have next to direct your attention to the blue line 
which is now visible on my right. This is also caused 
by lithium, for when we heat up lithium vapour beyond 
a certain point, as high as I am now doing with the elec- 
tric lamp, this blue baud also becomes visible ; but it is 
not visible when the temperature of the incandescent 
lithium vapour is lower. The blue ray may perhaps always 
be given off, even at lower temperatures ; for if light requires 
to be of a certain intensity before it can affect the retina 
and become visible, and if, in order that the intensity of 
the light may thus increase, we must heat the vapour to a 
higher point, we have a comjdctc explanation of the ap- 
pearance of the blue line. It is important to notice that 
the positions of the red and of the orange linos seen at 
the lower temperature never shift or change in position 
the least when the tt‘mp('rature is changed, pronce the 
appearance of the red line is proof positive of the presence 
of lithium. In this lithium spectrum you will also notice 
the sodium lino. Wo can never get rid of our friend 
sodium, he always remains stodfast to us ; in fact, we 
should be sometimes glad to dispense with his presence, 
but it is not an easy matter to induce him to leave us. 

I would next show you the spectra of metals of the 
alkaline earths. I will first bring a small quantity of 
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Btrontium salt on to the polo, and we line! that this 
strontium spectrum is characterised by a scries of red 
lines, and also by a beautiful blue band, almost identical, 
but not exactly so, with the blue lino of lithium which I 
had the pleasure of showing you an instant ago. Now 1 
have some strontium salt, and I think we shall get the 
strontium bands very beautifully in one moment. What 
a large number of bands we have hero, especially in the 
red 1 Those red and blue bands arc the ones to which I 
beg to draw your attention. These red lines now come 
out very distinctly; and we have here also the bright blue 
line flashing out brightly. This then is the strontium 
spectrum. 

Not to weary you, I would simply say that, if wo have 
a mixture of compounds of all these substances which 
are capable of being volatilized, namely, potassium, 
sodium, lithium, barium, strontium, and calcium, and if 
we expose this mixture to such a temperature that all 
the salts become volatilized, one after another, we shall 
see, in the first place, that those substances which are 
the most volatile appear first ; that then, when these have 
burnt out, those next in volatility make their appcavanccj ; 
and that those which arc the legist volatile come out last. 
Thus we have the beautiful ai)poaranco of what may 
be called a natural dissolving view. 

I place here a mixture on the carbon poles, containing 
compounds of potassium, sodium, strontium, calcium, 
barium, aud lithium, and in the first place the sodium 
line comes out at once, and afterwards the others 
gradually make their appcai'ance. Wo have thus simply 
to place the smallest fraction of a grain of such a 
mixture as this before the slit of our spectroscope, and 
with the merest trace of substance wo can in a moment 
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obtain absolute and decisive evidence of tbc prcsencfi 
of all these substances, coming out, as 1 said, like a 
dissolving view, one after another, and the qiiantitics 
which we can here detect ai*e something marvellously 
small Hero wo have this splendid series of variegated 
bands, exhibiting the superposed sjDectra of oJl the 
substances I have mentioned. There you see the lithium 
red line ; here the less refrangible rod line of potassium ; 
there the strontium bands; you observe the two blue 
band^ one due to strontium and the other to bthium. I 
shall have occasion to show you that there are some 
other very beautiful purple bauds, characteristic of 
ccDsium and ruliidium, the now raclals <liscovered by 
Bunsen, about the history of which I propose to Hi)oak 
to you in the lU'xt lecture. Now the sodium is veiy 
nearly burnt out, and the lithium will soon di.sappoar, 
whereas the green bands produced l)y the loss volatile 
barium compounds will remain for a greater length of 
time. 

In conclusion, gentlemen, I have to remind you that 
it is simply a tpiestion of tcmporatiire ; it is ouly a 
matter of experimentation how, and in what way, we 
can best obtain tlu“ clem((nl.ary bodies in the condition of 
glowing gas. Having done, that, wts can rc'adily detee.t 
their ju’esence by this very interesting tuid important 
proj)erty tluy posse, ss, ol‘ eae.h body emitting light of a 
peculiar and charael eristic kiinl, light of various degrees 
of refrangibility ; each giving what we lerm a dis- 
continuous spec.trum. 
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BESOmPTION OF THE SPECTRUM REACTION OF THE. SALTS OF 
THE ALKALIES AND ALKALINE EARTHS.^ " 

We now proceed to describe tbe peculiarities of the several 
spectra^ the exact acquaintance with which is of practical 
importance, and to point out the advantages which this new 
method of chemical analysis possesses over the older processes. 

SODIUM. 

The spectrum reaction of sodium is the most delicate of all. 
The yellow line Ifa a (see Chromolith, Tabic, No. 7), the only 
one which appears in the sodium spectrum, is coincident witli 
Fraunhofer’s dark line n, and is remarkable for its exactly 
defined form and for its extraordinary degree of brightness. 
If the temperature of the fiame he very high, and the quantity 
of the substance employed very large, traces of a continuous 
spectrum are seeu in the immediate neighhourhood of the lino. 
In this case, too, the weaker lines produced hy other bodies 
when near the sodium line are discerned with difficulty, and are 
often first seen when the sodium reaction has almost subsided. 

The reaction is moat visible in the sodium salts of oxygen, 
chlorine, iodine, bromine, sulphuric acid, and carbonic acid. 
But even in the silicates, borates, phosphates, and other non- 
volatile salts, the reaction is always evident. Swan® has 
already remarked upon the small quantity of sodium neces- 
sary to produce the yellow line. 

The following experiment shows that the chemist possesses 
no reaction which in the slightest degree will hear comparison 

1 From Ku‘clLh.off and Bunflen’s 6rst Memoir on Analysis Ly Bpoclntm Olmorva- 
ions (PhiL Mag. vol. xx. 1860). 

“ Trans. Roy. Soc Edin. vol. xxi. part iii. p. 411. 
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as regards delicacy with, this spectrum analytical determination 
of sodium. In a far comer of our experiment room, the capacity 
of which was about 60 cubic metres, we burnt a mixture of three 
miUigramnies of cUorate of sodium with miLk-sngar, whilst the 
non-luminous colourless flame of the lamp was observed through 
the slit of the telescope. Within a few minutes the flame, which 
gradually become pale yellow, gave a distinct sodium line, which, 
after lasting for ten minutes, entirely disappeared. From the 
weight of sodium salt binned and the capacity of the room, it 
is easy to calculate that in one port by weight of air there is 
suspended less than -jinjinnnnr of ^ of soda smoke. As 
the reaction can be observed with all possible comfort in 
one second, and as in this time the quantity of air which is 
heated to ignition by the flame is found, from the rate of issue 
and from the composition of the gases of the flame, to be only 
about 50 cub. cent, or 0'0G47 gem. of air, containing less than 
a y otfooo o- of sodium salt, it follows that the eye is able to 
detect with the greatest case quantities of sodium salt less than 
Tnnroinro' of a milligramme in weight. With a reaction so 
delicate, it is easy to understand why a sodium reaction is almost 
always noticed in ignited ostmospheric air. More than two- 
thirds of Iho earth’s surface is covered with a solution of chloride 
of sodium, fine particles of which are continually being carried 
into the air by the action of the waves. These particles of sea 
water cast thus into the atmosphere evaporate, leaving almost 
incoiici'ivahly small residues, which, iloating about, are almost 
always i)res(Mit in the air, and are rendered evident to our 
eyesight in tlio sunbeam. These miiiuto particles perhaps serve 
to supply tlie siiuiller organized bodies with the salts which 
larger animals and jdaiits obtain from the ginund. In another 
point of view, however, the i)resenco of this chloride of sodium 
in the air is of interest. If, as is scarcely doubtful at tlie 
present time, the explanation of the spread of contagious disease 
is to bo sought for in some peculiar contact-action, it is possible 
that the presence of so antiseptic a substance as chlorid(i of 
sodium, even in almost infinitely small quantities, mny not bo 
without iiiUuencc upon such occurrences in t lu*. aluiosphcre. 
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By means of daily aud long-contmued spectrum observations, 
it would be easy to discover wliether the alterations of intensity 
in tbe line ITa a produced by the sodium in the air liave any 
connexion with the appearance and direction of march of an 
endemic disease. 

The unexampled delicacy of the sodium reaction explains 
also the well-observed fact, that all bodies. after a lengthonod 
exposure to air show the sodium line when brought into a flame, 
and that it is only possible in a few salts to get rid of the line 
even after repeated crystallization from water which had only 
been in contact with platinum. A thin i)latiuuiu wire, freed 
from every trace of sodium salt by ignition, shows the reaction 
most visibly on allowing it to stand for a few hoin*s in tlie air ; 
in the same way the dust which setilcH from the air in a room 
shows the bright line Na a. To rciulor this evident it is only 
necessary to knock a dusty book, for instance, at a distance of 
some feet from the flame, when a wonderfully bright Hash of 
yellow band is seen. 


LITHIUM. 

The luminous ignited vapour of the liLliium compounds gives 
two sharply defined lines; the one a very weak 3 'cllow line, Li 
and the other a bright red line, fua. Tin’s r(‘ 4 ietion oxcccnlrt 
in oextaiikty and dehcacy all nicihods hilluu’io known in 
analytical chemistry. It is, however, not fiiiiU', so scnsitivo ns 
the s^um reaction, only, perhaps, heeauso the cyo is mori» 
adapt^ to distinguish yellow than red rays. Wlum 1 ) milli- 
grammes of carbonate of lithium mixed with excess of niilk-sngur 
was burnt, the reaction was visible in a mom of GO cubic. nielivH 
capacity. Hence, according to the method already cx])hiiiual, 
we find that the eye is capable of distinguishing with absolute 
certainty a CLuantity of carhonate of lithium less than (to 0 f > 1 ' 
amil%amme in weight: 0*05 gim. of caiboiiato of lithium, 
burnt m the same room, was sufficient to onablo the ignited nil* 
to show the red hne Li a for an hour after the comhuHtioii Imd 
taken place. 
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The compounds of lithium with oxygen, iodine, bromine, and 
chlorine are the most suitable for the peculiar reaction; still 
the carbonate, sulphate, and even the phosphate, give almost 
as distinct a reaction. Minerals containing lithium, such as 
tiipliylline, triphane, petalite, lepidolite, require only to bo held 
in the flame in order to obtain the bright line in the most 
satisfactory manner. In this way the presence of lithium in 
many felspars can be directly detected ; as, for instance, in the 
orthoclase from Bavono. The line is only seen for a few 
moments, directly after the mineral is brought into the flame. 
In the same way the mica from Altcnburg and Penig was found 
to contain lithium, whereas micas from Miask, Aschaffenburg, 
Modum, Bengal, reiinsylvania, &c., wore found to bo free from 
this metal. In natural silicates which contain only small traces 
of lithium this metal is not ol)S(‘rved so readily. The examina- 
tion is tlieii best conducted as follows : — A small portion of the 
substance is digesti'd and evaporated with hydrofluoric acid or 
fluoride of ammonium, the residue moistened with sulphuric 
acid, and heated, the dry mass being dissolved in absolute alcohol. 
The alcoholic extract is then evaporated, the dry mass again 
dissolved in alcohol, and the extract allowed to evaporate on a 
shallow glass dish. The solid pellicle which remains is scraped 
off with a fine knife, and brought into the llame upon the thin 
platinum wire. For one exp(U’imcut of a milligramme is in 
general rpdte a suflicient quantity. Other com])()unds besides 
the silicates, in whicli Hinidl traces of lithium re([uire to be 
detect(‘(l, ar(i transformi'd into sulphates by eva])oration with 
sulpluirie, acid or olherwis(‘, and then treated in the manner 
described. 

In this way we arrive at the unexpected conclusion that 
lithium is most widely distributed throughout nature, occurring 
in almost all bodies. Litliiiim was easily detected in 40 cubic 
ceiitiuietr('s of the watiu’ of tb(». Atlantic Ocean, colk'cled in 
4r 4V K latitmhi and fliV' 14' W. longitudii. Asians of marine 
plants (kel[)), driven by tin*. Gulf Stream on Sc-otch coasts, 
contain evident traces of this imdal. All the ovLlioclase and 
(pmrtz from the granite of the Odeiiwahl wliieli we have 
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examined contained litMuin. A very pure spring water from the 
granite in ScUeierbach, on the west side of the valley of the 
Nectar, was found to contain lithium, whereas the water from 
the red sandstone which supplies the Heidelberg laboratory 
wds shown to contain none of this metal. Mineral waters, 
in a litre of which lithium could hardly be detected according 
to the ordinaiy methods of analysis, gave plainly the line Li a 
even if only a drop of the water on a platinum wire was brought 
into the flame.^ All the ashes of plants growing in the 
Odenwald on a granite sod, as well as Russian and otlier 
potashes, contain lithium. 

Even in the ashes of tobacco, in vine leaves, in the wood of 
the vine, and in grapes,® as well as in the ashes of the crops 
groTO in the Rhine plain neai’ Waghausel, Deidesheim, and 
Heidelberg, on a non-granitio soil, was lithium found. The milk 
of the ammals fed upon these crops also contains this widely 
diffused metal.® 

It is necessary to say that a mixture of volatile sodiiini and 
lithium salts gives the reaction of lithium alongside that of 
sodium with a precision and distinctness which are hardly 
peiceptibly dunimshecL The red lines of the former suhstaiice 
are still plainly seen when the head contains i-oVtj- 
lithium salt, and when to the naked eye the yeUow soda lltunc 
appears untiuged by the slightest trace of red. In consequence 
of the somewhat greater volatility of tlio lithium salt, the 
so 'urn reaction lasts longer than that of the otlier niotal. In 
t ose coses, therefore, in which small quantities of Jiiliiuin 

ave to he detected in presence of large quantities of sodium 
a t, tlie bead must be brought into the flame whilst the observer 
IS looking through the telescope. The lithium lines are often 


thl into tho flame, it is lio«l to beml Uin end of 

SbSir T of “ to a anuUl ring, nud to beat 

to thT^re for 
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only seen during a few moments amongst the first products 
of the volatilization. 

In the production of lithium salts on tlie large scale, in 
the proper choice of a raw material, and in the arrangement 
of suitable methods!^ separation, this spectrum analysis affords 
most valuable aid. Thus it is only necessary to place a drop 
of mother liquor from any mineral spring in the fiame and 
to observe the spectrum produced, in order to show that in 
many of these waste products a rich and liitherto unheeded 
source of lithium salts' exists. In the same way, during the 
course of the preparation any loss of lithium in the collateral 
products and residues can be easily traced, and thus more con- 
venient and economical methods of preparation may be found 
to replace those at present employed.^ 

rOTASSlUM. 

The volatile potassium compounds give, when placed in the 
flame, a widely-extended continuous spectrum, which contains 
only two characteristic lines, namely, one line, Kaa, in the 
outermost red, approaching the ultra-red rays, exactly coinciding 
with the dark line A of the solar speotnmi, and a second line, 
Ka y9, situated far in the violet rays towards the other end of 
the spectrum, and also identical with a particular dark line ob- 
served by Fraunhofer. 

A very indistinct lino, coinciding willi FraunhofoFs lino n, 
which, however, is only seen when tlui light is very intense, 
is not hy any means so churaetc'rislic. The violet line is 
somewhat pale, hut can ho used almost as well as the red line 
for the detection of potassium. Owing to the ])ositiou of these 
two lilies, both situated near the limit at which our eyes cease 
to ho sensitive to tho rays, this reaction for potassium is not 

^ Wo oliiaiii l)y mioh an iin])rov(*(l nnaiiod from two jni'H (al)(mt four litrcH) of a 
motlior lienor from a miiK'nil hiding, whic.li hy ovii])oral ion with Hiil])hurii’! arid 
gave 1'2 kilH. of half an ounoo of carhoiialr of liLliium ol‘ tlin ]mrity of tlio 

foinmoirial, tlio oosl of whioh in about 140 lloiiuH tlio pound. A grraL mim])(*r 
of oUirr niinaral hpring motliar li([iiorH which wo oxiimincd allowed a Himilur 
lirhiicaa iu compouudH of lilhiinn. 
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so delicate as the reaction for the two metals already mentioned. 
The reaction became visible in the air of onr room when 
1 gramine of chlorate of potassium mixed with milk-sugar 
was burnt. In this way, therefore, the eye requires the presence 
nmr of a miUigramme of chlorate of potassium in order to 
detect the presence of potassium. 

Caustic potash, and all compounds of potassium with volatile 
acids, give the reaction without exception. Potash silicates, 
and other non-volatile salts, on the other hand, only produce 
the reaction when the metal is present in very large quantities. 
It is only necessary, however, to molt the substance with a 
bead of carbonate of sodium in order to detect potassium even 
when present in a very small quantity. The presence of the 
sodium does not in the least interfere with the reaction, and 
scarcely d i m inishes its dehcacy. Orthoclasc, sauidiiio, and 
adulana may in this way be easily distinguished from albiio, 
oligoclase, Labradorite, and onorthite. In order to detect the 
smallest traces of potassium salt, the silicate rccj^uircs only to 
be slightly ignited with a large excess of lluorido of nninioiiiuiu 
on a platinum capsule, after which the residue is brought into 
the flame on a platinum wire. In this way it is found that 
almost every siheate contains potash. Salts of lithium diminish 
or influence the reaction as little as soda salts. Thus wo necid 
only to hold the end of a burnt cigar in the flame belbro the 
slit in order at once to see the yellow line of sodium and the 
two red lines of potassium and lithium, this hitter metal being 
scarcely ever absent in tobacco ash. 


sthontium. 

The spectra produced by the alkaline earths are by no moans 
so simple OB those pmduced by the allcalies. That o(‘ strontiuui 
M especially characterised by the absence of giucn bands. Eight 
lines m the strontium spectrum are remarkable?, namely, six r(?t], 
one orange, and one blue hue. The orango line, Sr a, wliieli 
appears dose by the. sodium line towards the red end of tho 
spectrum, the two red lines, Sr^ and, Sr A, and lastly, the blue 
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line, Sr 8, are tlie most important strontium bands, botli as 
regards tlieir position and their intensity. For the purpose of 
examining the intensity of the reaction we quickly heated an 
aqueous solution of cldoride of strontium, of a known degree 
of concentration, in a platinum dish over a large flame, until the 
water was evaporated and the basin became red-hot. The salt 
then began to decrepitate, and was thrown in microscopic 
particles out of the dish in the form of a white cloud carried up 
into the air. On weighing the residual quantity of salt, it was 
found that in this way 0*077 gi'm. of chloride of strontium had 
been mixed in the form of a lino dust with the air of the room, 
weigliiug 77,000 grins. As soon as the air in the room was 
perfectly mixed, by rai)Ldly moving an umbrella, the chai’acter- 
islic lines of the slroniium spectrum were beautifully seen. 
According to this (experiment a (piantity of strontium may be 
thus detected e(pial to the ,oo*(TOu ^ milligramme in 

weight. The chlorine and the other haloid salts of strontium 
give the action less vividly, the sulidiate less distinctly, whilst 
the compounds of stroiitiuiii with the non-volatile acids give 
either a veiy slight reaction or else none at all Hence it is 
well first to bring the bead of substance alone into the llanie, 
and then again after moistening with hydrochloric acid. If it 
be supiiosod that sulphuric acid is present in the bead, it must 
be held in the reducing part of the llame before it is moistened 
with liydrochloric acid, for Uu‘, purposes of changing the sul))liate 
into the sulphidi^, which is decomjjohc.d by hydrochloric/ acid. 
In ordm* to (lct(‘ct stroiil-iuiii wlic.n coml)incd with silmic, 
phosphoric,, homcici, and other non-volatile ac-ids, the following 
course of pr(jc,cdure gives tlui best rcsiills. Instead of fusing 
with carhonaUi of sodium in a platinum crucible, a conical 
si)iral of ])latiiuim wire* is tmqdoycd: this spiral is heated to 
whiUmess in llie Ilnnu', and (lip]Kul whilst hot into linely 
powdered dri(‘d c.arboiuUn of sodium, which properly shouhl 
contain so much watm* that a Hunicicut (pniiitity adhc.n^s to tlio 
wire vdicn it is oiuu*, dii)i)ed into the salt. Tlie fusion takc,s 
place in this spiral much mort^ ([uickly than in a platiiuun 
crucil)l(‘, ns mass of plaliuum rc(]uiring li{‘ating is small, and 
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the flame comes into direct contact with the salt. As soon as 
the finely powdered mineral has been brought into the lused 
soda by means of a small platinum spatula, and the mass 
retained above the fusion point for a few minutes, the cooled 
mass has only to be turned upside down and knocked on the 
porcelain plate of the lamp in order to obtain the salt in one 
coherent bead. The fused mass is covered by a piece of 
writing-paper, and then broken by pressing it with the blade 
of a steel spatula until the whole is in the state of a tine 
powder. The powder is collected to one spot on the edge of the 
plate, and carefully covered with hot water, which is allowed to 
flow backwards and forwards over it, so that, after decanting and 
rewashing the powder several times, all the soluble salts are 
extracted without losing any of the residue. If a solution of 
chloride of sodium be employed instead of water, the operation 
may be conducted still more rapidly. The insoluble salt contains 
the strontium as carbonate, and one or two tenths of a milli- 
gramme of the substance brought on to the wire, and moistened 
with hydrochloric acid, is sufficient to ]produce the most iiitonso 
reaction. It is thus possible, without help of platinum crucible, 
mortar, evaporating basin, or funnel and filter, to fuso, powder, 
digest, and wash out the substance in the space of a few minutes. 
The reactions of potassium and sodium are not infliuuiced by 
the presence of strontium. Lithium also can be easily detected 
in presence of strontium, where the proportion of the foniier 
metal is not very small. The Hthium line Sr a api)ears as an 
intensely red, sharply defined hand upon a less distinct red 
ground of the hroad strontium band Sr )8. 

CALCIUM. 

The spectrum produced by calcium is immediately dis- 
tinguished from the four spectra already considered by the very 
characteristic bright green line, Ca^ . A second no less charac- 
teristic feature in the calcium spectrum is the intensely bright 
orange line, Caa, lying considerably nearer to the red end of 
spectrum than either the sodium line, Naa, or the orange baiitl 
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of Btrontium, Sr a. By burning a mixture consisting of chloride 
of calcium, chlorate of potassium, and milk-sugar, a white cloud 
is obtained which gives the reaction with as great a degree of 
delicacy as strontium salts do under similar circumstances. In 
tliis way we found that T^nnnniOT of ^ milligraiDme in weight of 
chloride of calcium can be detected with certainty. Only the 
volatile compounds of calcium give this reaction; the more 
volatile the salt, the more distinct and delicate does the reaction 
become. The chloride, bromide, and iodide of calcium are in this 
respect the best compounds. Siilphate of calcium produces the 
spectrum, after it has become basic, very brightly and con- 
tinuously. In the same way the reaction of the carbonate 
becomes more distinctly visible after the acid has been expelled. 
Compounds of ctdciuin with the non-volatile acid remain in- 
active ill the flame ; but if they are attacked by hydrochloric 
acid, the reaction may be cosily obtained as follows: — A few 
milligrammes of finely powdered substance are brought on to 
the moistened flat platinum ring in the moderately hot part of 
the flame, so that the powder is fritted hut not melted on to the 
wire : if a drop of hydrochloric acid be now allowed to fall into 
the ring, so that the greater part of the acid remains hanging on 
to the wire, and if then the wire he brought into the hottest part 
of the flame, the drop evaporates in the spheroidal state without 
ebullition. The spectrum of the flame must be observed during 
this operation ; and it will be noticed that at the moment when 
the last particles of li(]uid evapomto, a bright calcium spectrum 
appears. If the (piantitics of the metal present arc vciy small, 
the characteristic lines are only secui for a moment; if larger 
quantities are contained, the phenomenon lasts for a longer time. 

Only in the silicates which are decomposed by hydrochloric 
acid can the calcium ho thus found. In those minerals which 
are not attacked by that acid the following niothod may ho 
best employed for the detection of calcium. A few milligrammes 
of the suljstance under examination, in a state of fine division, 
are brought u])on a flat platinum lid, together with about 
a graTumo of fluoride of ammonium, and tbe mixture is gently 
ignited until all tbe fluoride is volatilized. The slight crust 



78 


SFEGTRUM ANJirSfE. 


[leot. n, 


of salt remaining is moistened with a few drops of sulphuric 
acid, and the excess of acid removed by heat. If about a 
milligramme of the residual sulphates be scraped together with 
a knife, and brought into the flame, the characteristic spectra 
of potassium, sodium, and litliium, supposing these three metals 
to be present, are first obtained, either simultaneously or con- 
secutively. If calcium and strontium bo also present^ the 
corresponding spectra generally appear somewhat later, after 
the potassium, sodium, and lithium have been volatilized, Wlien 
only traces of strontium and calcium are i^rcsent, the reaction 
is not always seen : it becomes, however, immediately apparent 
on holding the bead for a few moments in the reducing flame, 
^d, after moistening it with hydrochloric acid again, bringing it 
into the flame. 

These easy experiments, such as either heating the s]^ocimen 
alone, or after moistening with liydrochloric acid, or after 
treating the powder with fluoride of ammonium either alone 
or in presence of sulphuric or by hydrochloric acid, provide the 
mineralogist and geologist with a scries of most simple methods 
of recognising the components of the smallest fragment of many 
substances (such, for instance, as the double silicates coutaiiiiiig 
lime) with a certainty which is attained in an ordinary analysis 
only by a large expenditure of time and material. The following 
examples will illuRtrate this statement. 

1. A drop of sea water heated on the platinum wire show’s at 
first a strong sodium reaction ; and after volatilization of the 
chloride of sodium, a weak calcium spectrum is observed, which 
on moiste:^g the wire with hydrochloric acid becomes at once 
very^ distinct. If a few decigrammes of tbo residual salts 
obtained by the evaporation of sea water bo treated in the 
manner described under lithium with sulphuric acid and alcohol, 
the potassium and lithium reactions are obtained. The prosonco 
of strontium in sea water can be best detected in tlic boiler-cmst 
ftom seargoing steamers. The filtered hydrochloric add solution of 
such a crust leaves on evaporation and subsequent treatment with 
a small quantity of alcohol a residue slightly yellow-coloured from 
basic iron salt, which is deposited after some days, and can 
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then be collected on a small filter and washed with alcohol. 
The filter burnt on a fine platinum wire and held in the flame 
gives besides the calcium lines an intensly bright strontium 
spectrum. 

2. Mineral waters often exhibit the reactions of potassium, 
sodium, litliium, calcium, and strontium by mere heating. If, 
for example, a drop of the Dttrkheim or Kreuznach waters be 
brought into the flame, the lines Na a, Li a, Oa a, and Ca ^ are 
at once seen. If instead of using the water itself a drop of the 
mother liquor is taken, these bands appear most vividly. As 
soon os the chlorides of sodium and lithium have been to a 
certain extent volatilized, and the chloride of calcium has 
become more basic, the characteristic lines of the strontium 
spectrum begin to show themselves, and continue to increase 
in distinctness until at last they come out in all their true 
briglitness. In this case tlierefore, by the inorci observation 
of a single drop undergoing vaporatioii, the com])h».to analysis 
of a mixture containing five constituents is performed in a few 
seconds. 

3. The ash of a cigar moistened with hydrochloric acid and 
held in the flame shows at once the bauds ITa a, Ka a, Li a, Ca a, 
Cai8. 

4. A piece of hard potash-gloss combustion tubing gave, both 
with and without hydrochloric acid, the lines Naa and Kaa: 
treated with linoride of ammonium and sul])hnric acid, the bauds 
Caa, Ca^, and traces of Li a were rendered visible. 

5. Ortlioc.lase from lUiveno gives, citlier alone or when 
treated with hydrochloric a<dd only, the lines Naaand Kaa, 
with traces of Li a: with fluoride of animoniiini and sulphuric 
acid, the bright lines Na a and Ka a, and a soniewliat less distinct 
Li a, are seen. After volatilization of the bodies thus detected, 
the head moistened with hydrochloric acid gives a scarcedy 
distinguishable Hash of the lines Oa a and Ca jS. The residue 
on the })latiimin wire, when moistened with (jobalt solution 
and heated, gives the blue colour so characteristic of alumina. 
If the well-known reaction of silicic acid be likewise employed, 
we may conclude from this examination made in the course 
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of a very few minutes that the orthoclase from Baveno contains 
silicic acid, alumina, potash, with traces of soda, lime, and lithia ; 
and also that no trace of baryta or strontia is present. 

6. Adularia from St. Gothard comported itself in a similar 
manner, with the exception that the calcium reaction was 
indistinctly seen, whilst that of lithium was altogether wanting. 

7. Lahradorite from St. Paul gives the sodium line Na a, hut 
no calcium apectrunL On moistening the fragment with hydro- 
chloric acid, the lines Oaa and Oa ^ appear very distinctly: with 
the fluoride of ammonium test, a wealc potassium reaction is 
obtained, and also faint indications of lithium. 

8. Lahradorite from the Corsican diorite gave similar reac- 
tions, except that no lithium was found. 

9. Mosanderile from Brevig and Tschefifkinito from the 
nmengebirge showed when treated alone the sodium reaction : 
on the addition of hydrochloric acid the lines Caa and OayS 
appeared. 

10. Mehnophane from Lamoe gave the line Na a when placed 
in the flame : with hydrochloric acid the lines Ca a and Li a 
became visible. 

11. Scheelite and sphene give, on treatment with hydro- 
chloric acid, a very intense calcium reaction. 

12. When small q^uantities of strontium are present together 
with calcium, the line Sr 8 may be most conveniently employed 
for the detection of this metal. In this way the }mesence of 
small quantities of strontium can be easily detected in very 
many^sedimentary limestones. The Hues Na a, Li a, Ka a, and 
especially Li a, are observed as soon as the limestone is bronglit 
into the flame. Converted by hydrochloric acid into chlorides, 
and brought in this form into the flame, these minerals give the 
sme bands ; and not unfrequently the line Sr 8 is also dis- 
toctly seen ^ This latter appears, however, only for a short 

e, and is in general best seen when the calcium spectrum 
begins to fade. 

Itt this yay the lines IJa a, Li a, Ka o, Ca o, Ca /3, and Sr S 
were in the spectra of the following limestones : liine- 
II® m e Silurian at Kugelhad near Pragrae, mnschelkalk 
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from Eolirloach near Heidelberg, limestone from tlio lias at 
Malach in Baden, chalk from England. The following lime- 
stones gave the lines Na a, Li a, Ka a, Oa a, Ca but not tlic 
blue stroatiuiu band Sr S : — marble from the gi’anito near 
Auerbach, 1 limestone from the Devonian at Gerolstein in the 
Eifel, carboniferous limestone from Planitz in Saxony, dolomite*, 
from Nordhauson in the ITartz, Jura kalk from Stroitberg in 
Erauconia. From these few experiments it is evident that a 
more extended aeries of exact spectrum analyses, respecting the 
amount of strontium, lithium, sodium, and potassium which 
the various limestone formations contain, must prove of the 
greatest geological iin])ortanco l)oth as regards the order of 
their formation and their local distribulioii, and may i)oasibly 
lead to the eatahlishnient of some uiuixpi'cted conclusions 
rt*Hpecting the nature of Ihe oc-(‘-ans from which tlics(* lini(*stones 
were originally deposih'd. 


llAUinM. 

The barium spectrum is the most comi)licnt(*(l of tin*. s])eclra 
of the alkalies and alkaline earths. It is at onc(*. distinguished 
from all the others by the green lines Baa and Ba^ (which 
are by far the most distinct) ai)pcaring the first, and continuing 
during the whole of the reaction. Bay is not. (juitc* so distinct, 
but is still a wT,ll-markc*d and pec.uliar lim*. As the barium 
si)ectrmn is considerably more oxti‘nd(‘d than those of the*, other 
metals, the reaction is not obsi'rved to so gr(‘at a degr(*e of 
delicacy ; still f)-3 grin, of chlorati* of barium hurni with milk- 
sugar gave, a distiiad hand of Ihi a whieh lasted for some time, 
when the air of the room w^is w(*ll mixed hy moving an ojieii 
umbrella about. ITone.e we may (adciilaU*., in the same manm*,r 
as was done in the sodium (experiment, that about a 

milligramme of harinin sail may he (let.(*.(*i.(*(l with tlu*. gr(*atest 
certainty. 

^ to tli(* inclhod idnMnly (IiwhImmI, ii <|iuiiitily jjT inlnili* orMronlium 

WiiH obtiiiiH'd fi-oiii 20 f'riuN. of lliis imirblo Hiich hk lo ii coinjilrli* and vivid 
Hirontiuni HjK'clnnn. Wo Imvo not (‘Xinniin'd (lie ollici Iinichliiin s in llio sanir 

way 
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The chloride, bromide, iodide, and fluoride of barium, as also 
the hydrated oxide, the sulphate, and carbonate, show the reac- 
tion best. It may be obtained by simply heating any of these 
salts in the flame. 

Silicates containing barium which are decomposed by hydro- 
chloric acid also give the' reaction if a drop of hydrocldoric 
acid be added to them before they are brought into the flame. 
Baryta-harmotome, treated in this way, gives the lines Ca ct and 
Oa together with the bands Ba a and Ba y8. Compounds 
of barium with fixed acids, giving no reaction either when, 
alone or after addition of hydrochloric acid, should be fused 
with carbonate of sodium as described under strontium, and the 
carbonate of barium thus obtained examined If barium and 
strontium occur in small quantities together with large amounts 
of calcium, the carbonates obtained by fusion are dissolved in 
nitric acid, and the dried salt extracted with alcoliol : the residue 
contains only barium and strontium, both of wliich can almost 
always be detected When we wish to test for small traces 
of strontium or barium, the residual nitrates are convc'.rled into 
chlorides by ignition with sal-ammoniac, and the chloride of 
strontium is extracted by alcohol. Unless one or more of the 
bodies to he detected is present in very small (juaiitities, the 
methods of separation just described are (juiltj iiii necessary, as 
is seen from the following experiment: — A mixture of the 
chlorides of potassium, sodium, lithium, calcium, strontium, ainl 
barium, contaiuing at the most of a milligramme of oncli 
of these salts, was brought into the flame, ami the spectra pn)- 
duced were observed. At first the bright yellow sodium lino, 
Naa, appeared with a background formed by a nearly con- 
tinuous pale spectrum ; as soon as this lino began to fade, tli<^ 
exactly defined bright red line of lithium, Li a, was seen ; and 
still further removed from the sodium lino the faint red 
potassium line, Ka a, was noticed ; whilst the two barium lin(\s, 
Baa, Ba^, with their peculiar form, became visible in llie 
proper position. As the potassium, sodium, lithium, and 
barium ^ts volatilized, their spectra became fainter and faintt»r, 
and their peculiar bands one after the other vaiiisliod, until. 
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after the lapse of a few minutes, the lines Oa a, Ca /9, Sr a, Sr 
Sr 7, and SrS, became gradually visible, and, like a dissolving 
view, at last attained their characteristic distinctness, colouring, 
and position, and then, after some time, became pale, and dis- 
appeared entirely. The absence of any one or of several of 
these bodies is at once indicated by the non-appearance of 
the corresponding bright lines. 

Those who become acq[uainted with the various spectra by 
repeated observation do not need to have before them an exact 
measurement of the single lines in order to be able to detect the 
presence of the various constituents ; the colour, relative position, 
peculiar form, variety of shade and brightness, of the bands are 
quite characteristic enough to ensure exact results, even in the 
hands of persons unaccustomed to such work. These special 
distinctions may be compared with the dififerences of outward 
appearance presented by the various precipitates whicli we 
employ for detecting substances in the wet way. Just as it 
holds good as a character of a i:)reoipitate that it is gelatinous, 
pulverulent, llocculent, granular, or crystalline, so the lines of 
the spectrum exhibit thoir peculiar aspects, some appearing 
sharply defined at their edges, others blended off either at one 
or both sides, cither similarly or dissimilarly ; or some again 
appearing broader, others narrower j and just as in ordinaiy 
analysis wo only make use of those i)reeipitates which are 
])roduoed with the smallest possible quantity of the substance 
supposed to be present, so in analysis with the H])octrum wo 
employ only those lines which arc prodiiocid by the smallest 
possible quantity of substanci*,, and require a moderat(*ly 
high temperature. In th(‘.so rcsp(‘ctH both analytical methods 
stand on an equal footing; but analysis with the Rpcetriim 
possesses a great advantage over all other methods, inasmuch 
as the oharaoterLstic dilferencos of colour of the linos servci 
iis the distinguishing feature of the system. Most of tlu^ 
l)reci])itates which are valuable as rcsictioiia are (‘olourless ; and 
tlu'. tint of those which are coloured varies very couHidtirahly, 
according to the state of division and nieebanicel ariungcMiuMit 
of ilie ])articl('S. The presi*n(‘o of ev(*n tlu' smallest quantity 
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of impurity is often sufficient entirely to destroy tlio cliaracter'- 
istic colour of a precipitate ; so that no reliance can ho placed 
upon nice distinctions of colour as an ordinary chemical tost. In 
spectrum analysis, on the contrary, the coloured hands are 
unaffected by such alteration of physical conditions, or hy the 
presence of other bodies. The positions which the lines occiipy 
in the spectrum give rise to chemical properties as imaltcrahle as 
the combining weights themselves, and which can therefore he 
estimated with an almost astronomical j)recision. The fact, how- 
ever, which gives to this method of spectrum analysis an extiu- 
ordinary importance is, that the chemical reactions of matter 
thus reach a degree of delicacy which is almost inconceivable. 
By an application of this method to geological inquiries conceni- 
mg the distribution and arrangements already mentioned, wc are 
led to the unexpected conclusion, that not only ])otassiuni and 
sodium, hut also lithium and strontium, must he added to the list 
of bodies occuiring only indeed in small quantities, hut most 
widely spread throughout the matter composing the solid body of 
our planet. 

The method of spectrum analysis may also play a no less im- 
portant part as a means of detecting new clementaiy siihstanciofl, 
for if bodies should exist in nature so sparingly dUfuaed that the 
analytical methods hitherto applicable have not succeeded in 
detecting or separating them, it is very possible that their 
presence may he revealed by a simple examination of the spectra 
produced hy their flames. "We have had oppoiiunity of satisfy- 
ing ourselves that in reality such unknown elements exist. 
believe that, relying upon unmiatakeahle res\ilts of the s2)OciinTin 
analysis, we are already justified in positively stating thai., 
besides potassium, sodium, and lithium, the gi'oup of the alkn.- 
line metals contains a fourth member, wliich gives a spectrxiiii ns 
simple and characteristic as that of lithium, a metal which in 
our apparatus gives only two lines, namely, a faint blue onc’i, 
^ost coinddeutwith the strontium line, RrS, and a second 
blue one lying a little further towards the violet end of the 
^eotrum, and rivalling the lithium lino in brightness and dis- 
tinctneaa of outline. 
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nUNv^KN AND lauuinroFP on the mode op usinu a 

STEOTRUSOOPE. » 

The apparatus is represented l)y Fig. 25. On the iipper end of 
a cast-irun foot a brass jdate is screwed, carrying the flint- 
glass prism (a)y having a refracting angle of GO®. The tube h 
irt also fastcuKul to the l)rass plate : in tlui end of this tube near- 
est th(i ])risiu is placed a lens, whilst the otlier cud is closed by 
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a plate in which a veilical slib has hc'eii made. Two aims aro 
also fitted on to the cast-iron foot, so that tlicy arc moveable in a 
horizontal jdane about the axis of the foot. One of these arms 
carries the telescope (/), having a magnifying power of 8, whilst 
the other carries the tube(//): a lens is i)hiced in this tube at tlu^ 

1 Hocoiid Mi-moir on R|)pctviiin AnalyHirt, Pliil. Miif'. v(d. Nxii. pp. — 
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end nearest the prism, and at the otlier end is a scale which can 
be seen through the tolesco])e by I'eneciioii fruui the front surface 
of the prism. This scale is a phoiograi)hic copy of a inillimctre 
scale, which lias been produced in tlic caniem of about 
original (limensions.^ The scale is covered with tinfoil, so that 
only the narrow strip tij)ou which the divisions and the numbers 
are eiigiuved con be scon. Tlio upper half only of the slit is left 
free, as is soon by reference to Fig. 2f) ; the lower half is 
covered by a small equilateral glass ])rism, which sends by 
total rollcctioii the light of the lainj) e, Fig. 25, through the slit, 
whilst the rays from the himj) e pass freely through the uppor 
and uncovered half. A small sereoii placed 
above tlio prism provonts any light from 
passing through the u]>pGr ])orli()U of the 
slit, lly help of this arrangenumt the 
2C. 01)301^01’ sees the H])ectra of the two sources 

of light immediately om^ under the otlier, 
and can easily dcLermiiie wlietlicr the lines arc coincident or 
iiot.^ 

We now ])roceod to describe Uio arrang(mient and mode of 
using the instrument. 

The ieleseoi)c‘, / is iirst drawii out so far that a distant object is 
'[)laiiily s(Hm, and sen^wed into the ring, in which it is held, care 
bcmig bikeii to loosen the screws beforeluuid. The tube h 
is then brought into its place, and the axis <)f n hronglit into 
a straight lino with that of h. The slit is then drawn out 
until it is distinctly scon on looking through the telescoi)o, and 
this hdtcT is tlieu fixed by moving the screws, so that the 
middle of tlie slit is seen in about the middle of the field of 
view. AftcT removing the small s])ring, the prism is next 

I ^riiis inilliinoln’ hcmiIc wuh dniwii on ii strip nrglasH, covered with ii thin eoiit- 
in^r of lainpliliiek mid wax disHolved in f^lyeerine. Tlio diviHioiiH and nuinberH, 
wUiidi by IraiiHiiiilled allowed liri^lil on u dark groinal, \\ere repreHouled in 
Ibe i>hoio^niph dark on a liglil f^roiind. It would bo still bolter to employ, for 
tbo N])e<'lrum niipiiratUH, a wale in wliieh tlio niarkH were lif^lit on a dark groinid. 
Hiieb Heab'H are beaiilirully made by Salleron and Kerrier of Paria. 

Tliiri aiiparatiiH was niado in the celebmled ojdieal and nHtronomieal aic-lu'r of 
f jV. Sleiiibeil in Miiiiieh, 
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placed on tlie brass plate, and fastened in the position which is 
marked for it, and secured by screwing down the spring. If 
the axis of the tube h be now directed towards a bright surface, 
such as the flame of a candle, the spectinm of the flame is seen 
in the lower half of the fleldof the telescope on moving the latter 
through a certain angle round the axis of the foot. Wlieu the 
Udescope has been placed in position, the tube g is fastened on 
to the arm belonging to it, and this is tmned through an angle 
round the axis of the foot such that, when a light is allowed to 
fall on the divided scale, the image of the scale is seen through 
the telescope /, reflected from the nearer face of the prism. 
Tliis imago is brought exactly into focus by altering the posi- 
tion of the scale in the tube g ; and by turning this tube on its 
axis it is easy to make the line in which one side of the divisions 
on the scale lie parallel with the line dividing the two spectra, 
and by means of the screw 8 to bring these two lines to 
coincide. 

In order to bring the two sources of light, c and into posi- 
tion, two methods may bo employed. One of these depends upon 
the existence of briglit lines in tlie inner cono of the colourless 
gas flame, which have been so carefully examined by Swan. If 
tlie lamp o bo pushed post the slit, a point is cosily found at 
which those linos become visible ; the lamp must then he iiushed 
still further to the left, until theso linos nearly or entirely dis- 
ai)pear; the right iiiaiitle of the flame is now hefoio the slit, 
and into this the bead of substance under examination must be 
brought. In the same way the position of the source of light 6 
may be ascertained. 

Thu second method is as follows : — Tho telcscopo / is so 
placed that tho hriglilest poiiioii of the spcctnuii of the flame of 
a candle is seen in about tho middle of tho field of view; the 
llaino is then placed before the ocular in tho direction of the axis 
of tho telescope, and the position before the slit determined iji 
which the iipper half of the slit api)ears to be tho brightest; the 
lamp c is then placed so that the slit appears b(‘hiud that portion 
of the Ilamo from which the most light is given olf after tho 
introduction of the bead. In a similar way the ])osition of tlie 
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lamp 6 is determined by looking tlirougli the small prism and 
the lower half of the slit 

By means of the screw, the breadth of the sht can he regu- 
lated in accordance with the intensity of the light, and the degi’eo 
of purity of spectrum which is req^uh’ed. To cut off foreign light, 
a block cloili, having a cii’cular opening to admit the tube is 
tlnown over the prism a and the tubes h and /. The illumina- 
tion of the scale is best effected by means of a luminous gas hamo 
placed before it : the Light can, if necessary, be lessened by placing 
a silver-paper screen close before the scale. The degree of illu- 
mination suited to the spectrum under examination can then be 
easily found by placing this flame at different distances. 


APPENDIX (!. 


UUNSEX ON A METI-IOI) OF MAPmN(J HPKCTKA.i 

For the piiipose of facilitating theiuiuierical comparison of tho 
data of various spectrum observations, we give in Kg. 24, p. Hi), 
graphical representations of the ohseiTatioiis which are taken 
from the guiding lines given in tlie clironiolithograpli drawingvS 
of the spectra published in our former memoirs, and in wliich 
the prism was placed at the angle of minimum deviation. TIui 
ordinates of tho edges of the small blackened surfaces, referred 
to tho divisions of the scale os abscissre, rcpi’csent the intensity of 
tho several lines, with their eharacteristic gradations of shade. 
These drawings were made when tlie slit was so hroad and the 
ilame of snch a temperature, that the fine hrighb lino upon the 
hroad Caa hand began to be distinctly visible. This breadth of 
the slit was erpial to the fortieth part of tlie distance hoUveum 
the sodium line and the lithium lino’ a. For the sake of 
perspicuity, the continuous spectra which some bodies exhibit 

^ Vliil. Mftg, Fourth Sorion, vol. xxvi. p. 247 . 
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avo specially roi)roseule(l on tlio upper edge of the scale, to the 
divisions of wliicli they are refen^ed as abscissee. In order to 
render tlieso drawings, which have reference to onr instrument, 
a])plicable to observations upon the scale of any other apparatus, 
which we may call b, it is only necessary to prepare a reduced 
scale, which is laid upon the several drawings, and used in place 
of the divided scale given in the figure. The lines marked at the 
bottom of Fig, 24, seiwe for the i)reparation of this new scale : 
these lines denote the distances between the lines Ka, Li a, Na, Tl, 
RrS, Eba, and K^S, measiired according to the scale of our 
iustnunent. The position of each of these lines is determined 
by the edge of the lino, which does not change its place on 
altering the breadth of the slit. The i)03itiou of these same 
lines is read oIV on tho scale of the instrument B, and the 
ooiTcsponding inunbor written under each. A series of fixed 
points on tlio scale is thus obtained, and the complete divisions 
for the scale of instrument B are got by interpolating the values 
of tho portions of the scale situated between tlie fixed points. 

The sodium lino is then inserted in this scale, which is pasted 
upon a stmight-edgo, and tho divisions numbered in tens and 
lives. If this measure bo now laid upon any one of tho drawings, 
so that tho sodium lino on the ineasuro coincides with tho 
division 50 on tho drawing, tho scale on the measure will give 
lli(^ ])ositinn of all the lines in the ])aiticu1ar spectrinn exactly as 
tlu^y scum in th(‘. ])h()tograi)hi(; scab' of the instrument B. 
\Vli(‘U Uu‘. position of the. line undcT observation has in thi*s way 
been asecr-taiiicul, it is easy to assure oiu*.self of its exact identity 
by means of the small prism on the slit of ihe spectroscope. 
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I propose to point out to you to-day the properties of 
the new elementary bodies which have been discovered 
by means of specti’um analysis, the j)rinciplos of which 
we considered in the last lecture. Before passing on to 
consider this point, I should wish to direct your attention, 
for a few moments, to the history of the subject. 

The experiments of which I gave you an account in 
the last lecture, and the results derived from these ex- 
periments, have been carried out chiefly by a German 
chemist and a German physicist, whose important dis- 
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coveiics Lave made tlie names of Bunsen and Kirclihoff 
celebrated tkrougliout the scientidc 'world. 

But altbougb these philosophers are the real dis- 
coverers of this method, because they carried it out with 
all due scientific accuracy and placed it on the sure 
foundation upon which it now rests, yet wo must not 
suppose that the ground was before their time abso- 
lutely untrodden. No great discovery is made aU at 
once. There are always stepping-stones by which such 
a position is reached, and it is right to know what 
has been previously done, and to give such credit as 
is their due to the older observers. 

So long ago as 1752, Thomas MelviUe, while experi- 
menting on certain coloured flames, observed the ycUow 
soda flame, altliough ho was unae(iuaiuted with its cause. 
In 1822, Brewster introduced his monoclu'oinatic lamp, 
in which the soda light is used ; the first idea, however, 
being due to McMllc. A single expeiiment will prove 
to you the nature of this monochromatic soda light. 1 
have here the means of producing a very intense soda 
flame', and I will throw the light on to this screen with 
painted letters. You will observe that no colour is 
notieeable, in these letters. They apjMiar in vaiious degi’ees 
of shade or intensity, but no diHercucc of colour is 
visibh', because tbi! light falling upon them is of a pure 
yellow colour. Now, if I throw a small ([uiuitity of mag- 
nesium powder into the flame, you will at once notice 
how brightly the vaiious colours come out. We have 
h('re white light containing rays of eveiy degree of 
refrangibility : hence the diflc'reut colours appear, each 
letter being able to reflect its own peculiar rays. 

Sir John Hcrschel, in the year 1H22, investigated (lie 
spectra of many coloured flames, especially of (he stron- 
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tium aad copper chlorides, and of boracic acid, and he 
writes in 1827 abont this as follows : “The colours thus 
contributed by different objects to flame afford in many 
cases a ready and neat way of detecting extremely minute 
quantities of them.” 

Fox Talbot, whose name we know as being so inti- 
mately connected with the origin of the beautiful art of 
photography, makes the following suggestions respecting 
these spectra. Writing in 182G he says : *' The red fire of 
the theatres examined in the same way gave a most 
beautifol spectrum, with many light lines or maxima of 
light. In the red these lines were more numerous and 
crowded, with dark spaces between tliem,” (these are the 
strontium lines which you sec on tlie diagram) “ besides 
an exterior ray greatly separated from the rest, and 
probably the effect of the nitre in the composition” (this 
is really the red potassium line caused by the nitre). 
" In the orange was one bright line, one in the yellow, 
three in the green, and several Uiat were fainter.” The 
blue line which he mentions is the blue strontium lino 
whi(ih we saw so plainly. “ The bright line in the yidlow ” 
(our friend sodium) “is cau.sed without doubt by the 
combustion of sulphiu'.” Talbot got wrong there, as did 
many of the early observers. They could not suppose 
that so minute a trace of sodium could produce that 
yellow light, and even Talbot says that the yellow line 
must be caused in certain cases by the presence of water. 
He continues : “ If this opinion” (about the cause of foim- 
ation of these lines) “should prove correct, and applicable 
to the other definite rays, a glance at the pri.smatic 
spectrum of a flame might show it to contain substances 
which it would otherwise require a laborious chemical 
analysis to detect.” We cannot even now cxpi'ess the 
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opinion entertained at the present moment more con- 
cisely than Talhot did in the year 182C. Those early 
ohscrvers did not, however, dctciminc the exact nature 
of the substance producing the colour, inasmuch as the 
extreme sensitiveness of this sodium reaction put them 
olf the scent : they could not believe that sodium was 
present everywhere. 

Both Herschel and Brewster found that the same 
yellow light was obtained by setting fire to spirits of 
wine diluted with water, and Talbot also mentions 
cases in which no soda wjis, as he thought, present, 
and yet this yellow lino always made its appearanc.e. 
FTence ho says, “ The only matk'r which these, substane-es 
have in common is water,” and ho throws out the sugges- 
tion that this yellow lino is produced by tlie prc'se.nco of 
water. In February 1834 Talbot writes: “ Jjithia and 
stj’ontia are tw'o bodies chai'acterised by the fine red tint 
which they communicate to the fiame. The fonner of 
those is very rare, and I was indebted to my friend 
JVIr. Faraday for the specimen which I subjected to the 
prismathi analysis. Now it is vciy di Bicult to distinguish 
the lithia i-ed from the strontia ri'd Avith the naked eye, 
but Ibe prism b(‘,ti'ays between them tlu', most marked 
distinction which can lee. imagined. ' Tlie, strontia llaiiKi 
exhileits a great number of red rays well Hepara.ted from 
each other by dark intervals, not to ment.ion an oraium 
and a very definite bright blue ray. The litliia exhibits 
one single red ray. Hence 1 hesitote not to say, that 
optic'al analysis can distinguish the. minutest portions of 
these two substances from ca<'h other with as much 
certainty, if not more, than any known melhod.” Still 
Talbot says further on that “the mere. presenc(‘ of the 
substance, which sutfei-s no diminution in conse(iuence, 
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causea the production of a red and green lino to appear 
in the spectrum.” 

Professor WiUiam Allen Miller next made some inter- 
esting experiments in 1845 on the spectra of coloured 
flame produced by the metals of the alkaline earths, 
and came still nearer to the result -which -we now find 
Bunsen and Kirchhoff arrived at in 18C1. Diagrams 
of these spectra accompany the memoir, but they are 
not characteristic enough to enable them to be used as 
distinctive tests for the metals, owing to the fact that 
a luminous flame was used. Hence the investigation 
by Miller in 1845 attracted less attention than it de- 
served.^ The first person who pointed out this charac- 
teristic property of sodium was Professor Swan, in 1857, 
and it is to him that we owe the examination and the 
determination of the very great sensitiveness of this 
sodium reaction. So much then for the history of the 
method as applied to the detection of the alkalies and the 
alkaline earths. The history of the detection of the other 
elementary bodies I shall defer to a subscfiuent lecture, 
and now pass on to the consideration of the now elemen- 
tary bodies which have been detected l>y moans of the 
spectrum analysis. 

In the first place I direct your attention to tlie noNv 
alkaline metals discovered by Professor Bunsen in 1860. 
Shortly after he made his first experiments on tlio 
subject of spectrum analysis, Bunsen happened to bo 
examining the alkalies left from the evaporation of a 
large quantity of mineral water from DUrkheim in the 
Palatinate. Having separated out all other bodies, he 

^ See extract in Appendix B. from Kirclilioir'H Contributions to tlio 
History of Spectrum Analysis, Phil. Mag. Fourth >Seri(‘», vol. xx-v. 
p. 250, 1863. 
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took some of those alkalies, and found, on examining by 
the spectroscope the flame which this particular salt or 
mixture of salts gave ofiF, that some bright lines were 
visible which ho had never observed before, and which he 
knew wore not produced cither by potash or soda. So 
much reliance did he place in this new method of spec- 
trum analysis that he at once set to work to evaporate 
so large a quantity as forty-four tons of this water 
in which these new metals, which ho termed caesium 
aud rubidium, were contained in exceedingly minute 
quantities. 

In short, ho succeeded in detecting and separating the 
two new alkaline substances from all other bodies, and 
the complete examination of the propcTties of their com- 
pounds which ho made with the very small quantity 
at his disposal remains a iierraanent monument of tlie 
skill of this great chemist. Both these metals occur 
in the water of the Dilrkheim sjirings. I have here the 
numbers giving Bunsen’s analysis, in thousand ptu'ts, of 
the mineral water of Dilrkheim and of Baden-Baden. 

The quantity of the new substauce contained in the 
water fi’om the DUrkheim sjirings is excessively small, 
anumiiting in one t-on to about grains of tlie chloikle of 
ciL'siuin and about 4 grains of the chloride of ndiidimn ; 
whilst in the Baden-Baden sjiring we have only traces 
of the emsium chloride, and a still smalh*r (jiumtity than 
in the other sjiring of the rubidium chloride. Ki'om the 
Joity-forir tons of water which he evajiorate.d down Bun- 
sen obtained only about 200 grains of the mixed metals. 
You will easily ajqu'eciate the delicacy and accuracy of 
a method by which the jiresence of so minute a trace of 
the new metals as that contained in the water could be 
so readily detected. 
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Analysis of 1,000 parts of the Mineral Water in which the nexo Alka- 
line MetalSy Ccesium and'Eubidium, were discovered hy Bunsen, 





Durklioiiii, 

Uiifft'inJifli, at 
ntuluii-niuU’U. 

Calcium Bicarbonate . 



0-283d0 

1-475 

Magnesium Bicarbonate 



O-OUGO 

0*712 

Ferrous Bicarbonate 



0*00840 

0-010 

Manganous Bicarbonate 



trncos 

traces 

Calcium Sulphate . . 



— 

2-202 

Calcium Chloride . . 



3*0.3100 

0*103 

Magnesium Chloride . 



0-35)870 

0*120 

Strontium Chloride 



0-00810 

— 

Strontium Sulphate 



0*01950 

0023 

Barium Sulphate . . 



— 

traces 

Sodium Chloride . . 



12*71000 

20-831 

Potassium Chloride 



O-OlXiOO 

1*518 

Potassium Bromide 



()-0222O 

^ra^^eH 

Lithium Chloride . . 



0*03910 

0*451 

Rubidium Chloride 



()*()002l 

()'0013 

CflBsium Chloride . . 



()-00()17 

traces 

Alumina 



0*00020 

— 

Silica 



O'OOOlO 

•1 *230 

Free Carbonic Acid 



1*04300 

()*15() 

Nitrogen 



0*00400 

— 

Sulphuretted Hydi-ogon 



tlllCGS 


Combined Nitric Acid 



— 

()-03() 

Phosphates .... 



traces 

tTaC(JH 

Arsenic Acid . . . 



. — 

trac(*H 

Ammoniacal Salts . . 



traces 

O-OOH 

Oxide of Copper . . 



— 

trac(^H 

Organic Matter . , . 



traces 

tiw’.es 


ih*2.s()l> 8 29'G;Jo;i 


I would show you, in the first place here, tlae eolours 
produced by these two new metals when brought into a 
non-luminous gas flame. In the last lecture I shower] 
you the beautiful violet tint whicdi the potash lUiiiie 
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Gxliibits. The tint yielded by these two metals is vciy 
similar indeed, and in fact, not only in the character of 
the light which they emit, but in all their chemical 
pi’opertiea, the compountls of both the new bodies re- 
semble potassium compounds very closely. Here I bring 
a small quantity of rubidium salt into the flame, au(l 
you observe the beautiful purple tint which the flame 
exliibits. Now I throw in a little emsium salt, and you 
notice wo get a very similar kind of colour, rather more 
red, but scarcely to Ix'. distinguished from the violet 
potash fliime burning alongside. 

If I next show you the sjieetra of (.msium and rubi- 
dium on the screen, and compare them with the spectrum 
of ]»otiussium (si'e Frontispiece, Nos. 2, d, and 4), you will 
see that these new metals exhibit (in accordance, with 
their corres]>oudence in other (diemical properties) a 
striking analogy with potassium. All three metals 
possess spectra which are continuous iji the middle,* 
decreasing in intensity towards each end. In the case of 
liotassium the continuous portion is most intense, in that 
of rubidium less intense, and in the caesium spectrum 
this luminosity is least. In all three we observe the 
most intense and clianicleristic lines towai'ds both the red 
and blue ends of the si)ectrum. TIk! metal rubidiinn, as 
its name implies, is chariicterised by two splendid deep 
red lines (see Frontispiewi, No. 3), l)oth loss refrangible 
than the potassium red lino ; but the two violet lines 
are even more splendid, and siTve as the most delicate 
test of tlus i>rescnce of the metid. 

No less than the 0‘0002 part of a milligramme of ru- 
bidium can bo detected by the spectrum reaction. The 

’ Showing tlmt niulor certain cirounialancos gases may (tiiiit light 
ol' uvoiy degree of refraiigihilily. 

If 
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ceesium spectrum is chiefly characterised by the two blue 
lines from which it derives its name ; they arc remark- 
able for their brilliancy and sharpness of definition : while 
it is singular that emsium exhibits no red lines whatever. 

Since the discovery of these two bodies by Bunsen in 
1860, chemists have been on the look-out for them, and 
have found both of them in very different situations ; 
one of them, rubidium, being comparatively widely dis- 
tributed. The celebrated French waters of Bourbomie- 
les-Bains contain 0'032 grm. of chloride of caesium 
and O’OlO grm. of chloride of rubidium in one litre of 
water; whilst in the well-known mineral sjprings of 
Vichy, Gastein, Nauheim, Karlsbrunn, and many more, 
either one or both of the new metals have been dis- 
covered. And here the thought st^cs one that the 
presence of these metals even in such minute quantities 
may possibly exert a not unimportant influence upon the 
medicinal qualities and effects of the waters. 

One very interesting example of the occurrence of the 
metal caesium has been observed in a mineral termed 
polluXf which was analysed many years ago, and supposed 
to contain potassium, but the chemist was unable to 
make up his analysis to 100 parts, and could not find 
how an error had crept in. Since the discovery of the 
two new metals, it has been found that it was not really 
potassium at all which was present in this mineral, but 
that it was the new metal caesium, of the oxide of which 
no less than 34 per cent, is contained in this mineral, 
the want of agi’eement of the former analysis being 
wholly attributable to the difference of the combining 
weights of these two bodies ; that of potassium being only 
3 9’1, whilst caesium is 133. So closely indeed are caesium 
and potassium allied in their chemical characters, that 
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it is only by the discriminating power of spectrum ana- 
lysis that we have been able to ascertain the existence of 
the new metal. 

Of course, when Bunsen once knew of the existence of 
these two new elementary bodies, he was easily able to 
find the means of separating them accurately one from 
the other, and from the well-known substance potas- 
sium, and at the present day the chemical history and 
characters of these two metals and their compounds 
ore as well known as those of the commoner alkalies. 

The reaction by which Bunsen separated the new 
metals from potassium can easily be rendered visible to 
you. I have here a small (piantity of rubidium chloride 
ill solution, and here again 1 have a solution of the double 
cliloride of potassium and jdatinum. 

The chloride of rubidium and platinum is much loss 
soluble than the corresponding potassium compound, and 
hence, if I add the potassium double chloride to this 
rubidium salt, I shall have a precipitation of the double 
chloride of rubidium and platinum ; and this will indi- 
cate to you the mode by which Bunsen separated these 
two metals from each other. 

Here you oliservc by pouring in this solution the 
liquid at once becomes turbid, and we get a very 
eonsideralde quantity of a heavy yellow granular 
precipitate. 

It is uuncccssiu'y now to enter into the analytical 
methods by wliich caesium can also be separated from 
nibidium ; it is sufficient to state that the sepaiation is 
based upon the different solubilities of the tartrates of 
the new metals. 

The isomorpbous relations betwemi the salts of 
rubidium and ctesium and those, of ])olaHHium also 

II 2 
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point out the striking chemical analogy subsisting 
between these interesting bodies. Rubidium has been 
found to be yeiy widely diffused ; it has been found in 
beetroot, in tobacco, in the ash of the oak (the Quercus 
pvbescens), in coffee, in tea, and in cocoa : indeed of the 
new metals it is only rubulium which is found in 
vegetables and in vegetable products ; whilst both 
new metals are found in tolerably large quantities in 
certain minerals, especially in lepidolito and petalite. 

Shortly after the discovery of these two new alkaline 
metals the existence of a third new elomentaiy substance 
was made known by our countryman Mr. Crookes. In 
the year 1861 he sent to the Exhibition a very small 
portion of a substance which he stated was a now element 
obtained from a certain seleniferous deposit in the Hartx. 
This body gives a most beautiful green tint to flame. 
If I bring a small quantity of this element into tlie 
flame, you see that it produces this splendid green coloui'. 
And this was the reaction by which it was discovered, 
Mr, Crookes proved that this green light was due to 
some new elementary body ; then ho sopai*ated out the 
substance, and gave to it the name thallium, from 
thallus, a green twig. 

Now the spectrum of thallium is very di.stiuet and 
specific, consisting of one bright green line.* I will show 
it to you with the electric lamp. Hero you see this 
magnificent green band (Frontispiece, No, 5). The 
chemical properties of this substance are also very 

^ The apark-Bpectruia of thallium exhibits Jive other linos iii 
addition to the bright one in the green (Miller, Proc, Koy. Soc. 1863, p. 
407). The line T1 a falls between 77‘6 and 78 mm. on the pliotogmpUio 
Beale of the speotroscope, and appears to be portly uoincidont with one 
of the barium lines. This apparent coincidence is resolved when 
examined by a higher magnifying power. 
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remarkable. It stands about half-way between load and 
the alkalies, resembling in many of its characters the 
metal lead. Thallium can, however, be separated per- 
fectly from the alkalies and lead by means of the 
insolubility of its chloride and the solubility of its 
sulphate. The specific gravity of thallium is ITS, 
and its combining weight is a very high one, 204. 

The properties of thallium have been examined by a 
Fi'cnch chemist, M. Lamy, as well as by Mr. Crookes, 
ft has been found to exist in very large quantities in 
certain varieties of iron pyrites, a sulistanoe from which 
we manufacture almost all our sulphuric acid. 

I will now show you the deposition of thallium in the. 
metallic state. We can here decompose a solution of the 
sulphate of thallium by a current of electricity, and then 
we shall observe the metallic thallium shooting out as 
a beautiful arborescent growth on the ser'cen. Hero 
you sec the crystals of metallic thallium stretching out 
their long arms all over the screen. 

The soluble salts of thidlium act as a cumulative poi- 
son : they have been found in large quantities in animals 
which have boisn poisoned by this substane-e. I’hc method 
foi‘ dcte.nnining or detecting the presence of thallium in 
such a poisoned animal by means of R])e(!trum analysis is 
extremely simjde. If we had such a means of detecting 
some of the other metallic ])oiHons as j'cadily Jis that, 
of thallium, the work of tlu! toxicologist would be 
extremely easy ; except that under thesi'. cinnimstances 
the very delicacy of the test becomes in itself a da,ng(‘r. 

There is still one other elementary body of whic.li 1 
have to speak, namely, the metid indiuin. 

Indium was distiovered in 18f)4 by two (b'rinan ])ro- 
fessors, Reic.h and Richter, of the celebrated Miidng 
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School of Freiberg. It also was detected by its peculiar 
spectrum, which consists simply of two indigo-coloured 
lines. ^ (See Frontispiece, No. 6.) It was discovered in 
certain zinc-works in the Hartz, and has only been found 
in small quantities. Its chemical characters are still 
imperfectly understood ; but in its properties it appears 
to stand about half-way between zinc and lead. Its com- 
bining weight is 37‘8, and its specific gravity 7‘277 j and 
it forms definite compounds, which, however, have not yet 
been examined with a sufficient amount of attention to 
enable me to give you a detailed account of them. 

I can here show you the indigo colour which indium 
compounds impart to the flame ; and you now see on the 
screen that the spectrum of indium consists of two bright 
indigo-coloured lines, one situated in the blue and one in 
the ultra-blue, or indigo, portion of the spectrum. I need 
scarcely say that there is as yet no notion of any practical 
employment of any of these new substances, though 
chemists never can teU what important ajjplications of 
their most recondite discoveries may not arise, even in 
the immediate future. 

I would next endeavour to show you, that not only 
substances such as the metals of the alkalies and alka- 
line earths, when heated up to a gaseous state, give off a 
light peculiar to themselves, but that bodies which are 
invisible to the ordinary eye, such as atmospheric ah’, or 
nitrogen, oxygen, and carbonic acid, — that substances 
which are gaseous at the ordinary temperatures can also 

^ These lines are best seen when a bead of an indium compound 
is held between two electrodes from which a spark poases. The lines 
In a and In fall respectively upon divisions 107 ‘5 and 140 mm. of the 
photographic scale of the spectroscope, when Ka a = 50 and 8r 5 = 
100 - 6 . 
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be made to give off a peculiar light when heated up by 
means of the electric spark. 

When we pass the electric spark through a gas, it 
becomes heated up to a temperature far higher than any- 
thing we can obtain by means of flames ; and when thus 
heated the gas gives oflF the light which is peculiar to 
itself. Thus wo find that, according to the nature of 
the atmosphere which surrounds the spark, the colour of 
that spark varies. 
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If W(> seal uj) a (pijuitity of hydrogen gas, of earlionic 
acid gas, of uiti-ogcn gas, in separate tubes, and allow 
an electric spark to p;iHS through these tubes (see Fig. 27), 
the spark which passes through the hydrogen has a red 
colour, and that wliich passes tlrrough the nitrogen has a 
yellow colour ; while that wlrich passes through the car- 
bonic acid gas has a blue colour: and those difiercnces 
of colour arc due simply to the effect of the gas enclosed 
in the tube. I can vary the expcriinent by taking Goiss- 
ler’s tubes (Fig. 28) containing tlu'se ga.ses only in V(iry 
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minute quantities, so that the cloctric discharge can ])ass 
through a longer capillary column of gas : we then find 
that the small quantity of gas in tlie exhausted tubes 
becomes heated up to incandescence, and gives off its 
peculiar rays in a Line of brilliantly coloured light. 

I have here a hydrogen vacuum tube, next a tube 
containing carbonic acid vacuum, then one containing 
nitrogen, then one containing chlorine, then one con- 
taining iodine. I have only to connect these with tJio 
induction cod, and the discharge will pass through the 
whole of these tubes ; and at once you see the variety 
of bright colours obtained, entirely due to the small 
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traces of the various gases which arc here present in 
the tubes. If we examine the character of these; 
lights by means of the spectroscope, wo shall obtoiii 
the peculiar and characteristic spectra of Ocach of these 
gases. 

I have here some large tubes, in which ai'e .seen the 
same effects of the ignition of the small quantities of 
these various gases by means of the electric spai'k (Figs. 
29, So), and you observe the beautiful striated appear- 
ance which the light exhibits. 

I regret that it is impossible to exhibit the spectra of 
these luminous gases on the screcir, owing to the slight 
intensity of the light which they emit I must ask yon 
to be content with my references to diagr'ams to explain 
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to you the exact cliaractor of the light which these gases 
give off. 

Thus, when wo examiue the peculiar red colour which 
hych’ogen exhibits, we find that the spectrum consists of 
three distinct bright lines ; one bright red line so intense 
as almost to overpower the others, one bright greenish- 
blue line, and one dark blue or indigo line. These are 
exhibited to you in the diagram. (See fig. of hydro- 
gen spectrum. No. 8 on the chromolith. plate facing 
Lecture VI.) The bright red hydi’ogcn line is always 
seen when an electric spark is passed through moist air : 
this is duo to the decomposition of the aqueous vapour 
which the air contains. If the air be carefully dried by 
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passing it over hygroscopic, substaiKU’s, th(' rtid Hue dis- 
appears. Ih'.re the H])(«‘troMc.o]H‘ caM lu' made, a means 
of testing tlu* presc'nce of moisture. 

A very renia.rl<abl('. fa.ct, and one to wliich 1 shall have 
freijueiitly to refer in the subsequent lectures, is that 
these, three lines of hydrogen are. found to be c.oiue.ident 
with tliree well-known dark lines in the sun, of which I 
spoke, to you in the fimt lecture. This rod liydrogcn line 
])osse8se.s cxac.lly the same degree of refraiigibility as the 
dark line, o in tlie solai' spcc.trum ; the gi'cen hydrogen 
line corresponds to the we,lI-known sohu’ line, k ; whilst 
the blue hydrogen line is identical in position with tlie. 
dark line d in the, sun’s si)C(;trum. We shall see in a 
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subsequent lecture how such coincidences point out to us 
the existence of hydrogen and other 
elements in the solar atmosphere. 

The nitrogen spectrum is more 
complicated than that of hydrogen, 
but perfectly definite and characteris- 
tic. (See No. 9 on the chromolith. 
plate in Lecture VI.) 

Some very singular observations 
have been made by PlUcker and 
Hittoif ^ upon certain changes which 
the spectra of gases enclosed in tlujse 
tubes undergo. They find that the 
spectrum of highly rarifiod nitrogen 
undergoes a change when the intensity 
of the electric discharge vai-ies; and 
they explain this by supposing that 
the nitrogen exists in various allotro- 
pic conditions, resembling for instance 
oxygen and ozone, their idea being 
that the changes in the intensity 
of the electric discharge may cause 
changes in the allotropic conditions 
of the nitrogen, and that those give 
rise to a variation in the appearance 
of the spectrum. These variations, 
however, it is important to observe, 
are not noticed in nitrogen gas when 
under the pressure of the atmosphere, 
however much we may increase the 
intensiiy of the spark. Pliicker has even found that under 
certain conditions of increased electrical tension hydrogen 
^ Pluoker and Hittorf (Phil. Trans. 18C<5, p. 1). 




LBCT, in.] 


SPJUCTRA OF THE NON-METALS. 


107 


gas may be made to emit light of every degree of refran- 
gibility, so that its spectrum becomes continuous. Pro- 
fessor Frankland has also observed a similar phenomenon, 
that when oxygon and hydrogen gases are inflamed under 
pressure, they emit white light and show an unbroken 
spectrum.^ From these facts there is no doubt ihat, 
when intensely heated and imder certain circumstances, 
gaseous bodies can be made to yield continuous spectra. 
This, however, in no way interferes with the fixity of 
position of the bright lines, nor can it influence the 
deductions derived from this fact. 

In the same way each of the non-metaUic elements 
yields a characteristic spectrum,'* when its vapour is heated 
to iucandesconce ; but in the case of some of the elements, 
such as silicon, the difiiculty of obtaining the spectrum is 
veiy great 

The examination of the spectrum of carbon is a subject 
of much interest The character of the linos which tliis 
blue flame of coal gas and air emits was first described in 
tlie year 1857 by Professor Swan. Since that time the 
various spectra of the carbon compounds have boon care- 
fully examined by Dr. Attfield, Dr. W. M. Watts, and 
others, and it has been found that the difleront compounds 
of this eloraont, wlien brought into the condition of 
luminous gases, eitlicr by comlmstion or when heated up 
by the clcctiic spmk, give somewhat diflerent spectra." 
Thus this beautiful purple flame of cyanogen gas exhibits 
a great number of very p(^culiar lines, which differ in 
position and in intensity from the lines observed in tliis 
flame of the coal gas burning mixed with air, (See fig. 

Soo Appendix D. ® Hoe Appendix 15. 

•'* SoG Appendix (J. on the Spectrum of tlio liossemor FJaiiii'. 
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of carbon spectra, Nos. 10, 11, on the chromolith. plate 
facing Lecture VI.) 

I may mention, in connexion with those different carbon 
spectra, the appheation of spectrum analysis to the 
important branch of steel manufacture which has been 
introduced and is well known under the name of the 
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Bessemer process. In tliis process five tons of cast iron 
are in twenty minutes converted into cast steel. Steel dif- 
fers from cast iron in containing less carbon ^ and by tlio 
Bessemer process the carbon is actually ]:)urnt out of the 
molten white-hot cast iron by a blast of atmosjfiieric air. 


LUCT. in.] SPECTRUM OF THE BESSEMER FLAME. 109 

Tlie arrangement employed for this purpose is shown on 
this diagram (Fig. 31). 

The molten cast iron is mn into a large wrought-iron 
vessel termed the converter (o), lined with refractory 
clay. The converter is capable of being turned round 
on a pivot (a), through which pivot passes a tube in 
connexion with a powerful blowing apparatus, by means 
of which air can bo thrown into the bottom of the vessel, 
through a sort of tuyfere or blowhole into the molten 
iron. The oxygen of the air burns out the carbon and 
silicon which the cast iron contains, and the heated 
gases issue in the form of a flame (p) from the mouth of 
the eonvei'tor during the lime that the molten iron is 
being burned. This flame varies in appetu'anec, and it 
is of the utmost impoitanco that the operation should 
be stopped instantly when the proper moment has arrived. 
If the blast be continued for ten seconds after the proper 
point has been attained, or if it be discontinued ton seconds 
before that point is reached, the charge becomes cither so 
viscid that it cannot bo poured from the converter into 
the ladle (l), from which it has to be transferred to the 
moulds, or it contains so much carbon as to crumble up 
like cast iron under the hammer. 

Those who are accustomed to work this process arc 
able by the simple iuspec.tion of the flame to toll with 
more or less exactitude when the air has to be turned oil'. 
To those who are uninitiated in this peculiar appearance 
of the flame no diflei’enco at aU can be detected at 
the point in which it is necessary to stop ; but by the 
help of the spectroscope this point can at once be ascer- 
tained beyond shadow of doubt, and that which previously 
depended upon the (Quickness of vision of a skilled eye 
has become a simple matter of exact scientific observation. 
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Tlie light which is given off by the Bessemer flame is 
most intense, — indeed, a more magnificent example of 
combustion in oxygen cannot be imagined. A cursory 
examination of the flame spectrum in its various phases 
reveals complicated masses of dark absorption bands and 
bright lines, showing that a variety of substances are 
present in the flame in the state of glowing gas. 

By a simultaneous comparison of the linos in the 
Bessemer spectrum with those of well-known substances 
I was able to detect the following substances in the Bes- 
semer flame: sodium, potassium, lithium, iron, carbon, 
hydrogen, and nitrogen. At a certain stage of the 
operation all at once the carbon Mnes disappear, and 
we get a continuous spectrum. The workman by ex- 
perience has learned that tbia is the moment at which 
the air must be shut off ; but it is only by means of the 
spectroscope that this point can be exactly determined. 

Those who are practically engaged in working this pro- 
cess would like spectrum analysis to do a great deal more : 
they would like to be told whether there is any sulphur, 
phosphorus, or silicon in their steel: questions which 
unfortunately at present spectrum analysis cannot answer, 
for this very good reason, that these substances do not 
appear at all as gases in the flame, but that tlicy either 
remain unvolatilized in the molten metal, or swim on 
its surface in the slag of the ore ; and consequently the 
lines of these bodies are not seen in the spectrum of the 
flame. 
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aPKCTHUM KEACTIONS OF THE RUBIDIUM AND CiESIirM 
COMPOUNDS.! 

CiESiUM and rubidiuin are not precipitated either by sulphuretted 
hydrogen or hy carbonate of awnnoniuin. Hence both nietals 
inuat be placed in the group containing magnesium, lithium, 
Ijotassiiun, and sodium. They arc dLstingiiished from iinigncsium, 
lithium, and sodium by their reaction with bichloride of platinum , 
which precipitates them like potassium. Neither rubidiuiu nor 
cflosium can be distinguished from potassium by any of the usual 
reagents. All three substances ore precipitated by tartaric aeitl 
as white crystalline powders ; by hydrolluosilicic acid as trans- 
parent opalescent jellies ; and by perchloric acid as granular 
crystals : all three, when not combined with a fixed acid, are 
easily volatilized on the platinum wii^e, and they all three tinge 
the llamo violet. Tire violet colour appears indeed of a bluer 
tint in the case of potassium, whilst the flame of laibidium is of 
a redder shade, and that of emsium still more red. These slight 
diiierenccs can, however, only be perceived when the three 
flames are ranged side by side, and when the salts undergoing 
volatilization are perfectly ])ura In their reactions, then, wiili 
the common chemical tests, these new elements cannot be dis- 
tinguished from potassium. The only method by means of 
which they can be recognised when they occur together is that 
of spectrum analysis. 

The specti’a of rubidium and ciesiuni are highly chai'acteristic, 
and are remarkable for their great beauty (Frontispiece, Nos. 
3 and 4). In examining and measuring these spectra we have 

! lixtnicl fi’oiTi ProfoHBors KirolihofT and Buiihoh’s scRond Memoir dji (’hoiiiical 
Aualyais l»y flpoctmm ObsoiTationa (Phil. Mag. vol. xxii. 1801). 
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employed an improved form of apparatus (Fig. 32), which iu 
every respect is much to be preferred to that described iu our 
first memoir. In addition to the advantages of being more 
maoiageable and producing more distinct and clearer images, it 
is so arranged that the spectra of two sources of light cau be 
examined at the same time, and thus, with the greatest degree 
of precision, compared both with one another and with the 
numbers on a divided scale. 

Iu order to obtain representations of the spectra of caesium 
and rubidium corresponding to those of the other metals which 
we have given in our former paper, we have adopted the follow- 
ing course. 
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We have placed the tube g (Fig. 32) in such a position that a 
certain division of the scale, viz. No. 100, coincided with Frnun- 
hofer^s line n in the solar spectrum, and then observed the position 
of the dark solar lines A, B, o, n, e, k, g, ir, on the scale : those 
several readings we called a, b, c, &c. An iuterpolation scale 
was then calculated and drawn, in which each division corre- 
sponded to a division on the scale of the instrument, and iu which 
the points corresponding to the observations A, B, 0, &c. wei'o 
placed at the same distances apart as the same lines on our first 
drawings of the spectrunL By help of this scale, curves of tlio 
new spectra were drawn (Fig. 24, p. CO), in which the ordinates 
express the degrees of luminosity at the various points on the 
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scale, as of by the eye. The litliogi-aplier then inach* tlu^ 

designs represented in the Frontispiece from th(‘,se c-urvc^s. 

As in our first memoir, st) here we have rc^presentcal only those 
lines which, in respect to position, definitiou, and intensity, 
serve as the best means of recognition. We feel it necessary to 
repeat this statement, because it has not unfrequontly liappeiUMl 
that the presence of lines which are not reiTOScntod in our 
drawings has been considered as indi(;ative of the existence oi' 
new bodies. 

We have likewise added a representation of the i)otassiuni 
spectrum to those of the now metals for the sake of comparison, 
so that the close analogy which tlic Ri)ectra of the new alkaline 
metals bear to the potassium spectrum may be at once seen. 
All three i)ossesa spectra whic.h are continuous in the centre, and 
decreasing nt each end in luminosity. In the case of ])ottiRsium 
tliis continuous portion is most intense, in that of rubidium less 
intense, and in the ciesium spectrum the luminosity is least. In 
all three wo observe the most intense and characteristic liiu^a 
towards botli the red and blue ends of the spectrum. 

Amongst the rubidium lines, those splendid ones named Jib a 
and Eb /3 are extremely brilliant, and hence are most suited for 
the recognition of the metal. Less brilliant, but still very cha- 
racteristic, are the lines Eb 8 and Eb 7. From their position tlu'.y 
are in a high degree remarkable, as they ])oth fall beyond 
Frauiihofer’s line A ; and th(i outer one of them lies in an ultra- 
red poilioii of the solar spectrum, whi(‘h can only ho rciuh^nul 
visible hy some si>ccial amingemeut. The other lines, which 
found on the continuous part of the s])ectrum, cannot so well 
1)6 used as a means of detection, hecauN(‘. they only appeal' when 
the suhstanco is very ])uix3, and when the luminosity is Y(‘ry 
great. Nitrate of rubidium, and the chloride, chlomlo, and per- 
chlorate of nibidium, on account of their easy volatility, show 
these lines most distinctly. Sulphate of rubidium and similar 
salts also give very l)cautiful spectra. Kveii silicate and ])hoH- 
pliate of rubidium yield spectra in which all llie details are 
plainly seen. 

The spectrum of cu'sium is esix'cially c.haracteriscd l)y Iho two 

1 



i 1 4 SPMGTRUM ANALYSIS, [lkct. hi. 

blue lines Cs a and Cs ^ : these lines are situated close to the 
blue Btrontia line Sr 8, and are remarkable for their wonderful 
brilliancy and sharp definition. The hne Cs 8, wliich cannot bo 
so conveniently used, must eilao be mentioned. The yellow and 
green lines represented on the figure, which first appear when the 
luminosity is great, cannot so well be employed for the purpose 
of detecting small quantities of the coesium compounds; but 
they may be made use of with advantage as a test of the purity 
of the csesium salt under examination. They appear much more 
distinctly than do the yellow and green linos in the potassium 
spectrum, which, for this reason, we have not roprosoiited. 

As regards disimctims of the reaction, the caesium compounds 
resemble in every respect the corresponding rubidium salts: 
the chlorate, phosphate, and silicate gave the lines perfectly 
clearly. The delicacy of the reaction, however, in the case of 
the cfiesium compounds is somewhat greater than in that of the 
corresponding compounds of rubidium. In a drop of water 
weighing four nulIigramJYies, and containing only 0*0002 milli- 
gramme of chloride of rubidium, the lines Eb a and Eb j3 can 
only just be distingaished ; whilst 0 ’00005 inilligiumnio of the 
chloride of caesium can, under similar circiimstaucos, easily be 
recognised by means of the lines Cs a and Cs /3, 

If other members of the group of olkoliue metals occur 
together with caesium and rubidium, the delicacy of the reaction 
is of course materially impaired, as is seen from the fallowing 
experiments, in which the mixed chlorides contained in a drop 
of water, weighing about four milligrammes, were brought into 
the flame on a platinum wire. 

When 0*003 miEigramme of chloride of emsium was mixed 
with from 300 to 400 times its weight of the chlorides of 
potassium or sodium, it could be easily detected. Chloride of 
rubidium, on the other hand, could be detected with difficulty 
when the quantity of chloride of potassium or chloride of sodium 
amounted to from 100 to 160 times the weight of the cliloride 
of rubidium employed. 

0*001 milligramnie of chloride of cresium was cosily recog- 
nised when it was mixed with 1,600 times its weight of chloride 
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of lithium; whilst O’OOl milligramoie of chloride of ruhidium 
could not bo recognised when the quantity of chloride of litliium* 
added exceeded 600 times the weight of the rubidium salt. 


APPENDIX B. 

CONTRIBUTIONS TOWARDS THE HISTORY OK SPECJTRTIM 
ANALYSIS. BY U. KIRClIlJOFK.i 

In my ** Researches on the Solar Spectrum and the Spectra of 
the Chemical Elomeuls ” ^ i made a few short historical remarks 
concerning earlier investigations upon the sanui subject. In 
these remarks I have passed over certain publications in silence 
— in some coses because I was uiiaciDU^-intod with them, in 
others because they appeared to mo to possess no special 
interest in relation to the history of the discoveries in qxiestion. 
Ha^ng become aware of the existence of the fomur class, and 
seeing that more weight has been considered to attach to the 
laticn' class of publications by others than by myself, I will now 
endeavour to complete the historical survey. 

1. Amongst tliose who have devoted themselves to the ob- 
servation of the spectra of coloured IlaineH, I must, in the first 
place, mention llerschel and Tall)(>t. Tluur iianies n(^ed spcieial 
notice, as they ])()inted out with distinctm^ss the H(‘rvi(*e which 
this mode of obseiwaiion is (iapable of nnidering to the (dunnist. 
For a knowledge of their leseandies [ am mainly indcbt(ul to 
Professor W. Alhm Miller, who gave an (‘.xtract from them in a 
lectui'o republished in thc‘. number of the Chemical Niinn for 
10th April, 18G2. It is there slated that in the volume of tlie 
Transactions of the Royal Society of Kdinburgh for 1822, at 
page 455, Herschel shortly descrilxis the spectra of chloride of 
strontium, cldoride of potassium, chloride of coi)i)ei*, nitmte of 

1 Comuiuuicatcd to tlio Phil. Mag, Fourth ScriPH, vol. xxv. ]i. 250, l)y ProfchHor 
Roaooo. 

« PiibliBhod by Macmillan and (^o. raiubrirlgc and London, 1802. 
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copper, and boracic acid. The same observer says, in his article 
on Light in the Encyclopfledia Metropolitana,” 1827, imge 438 : 

Salts .of soda give a copious and purely homogeneous yellow ; of 
potash, a beautiful pale violet.” Ho then descril)es the colours 
given by the salts of Luik^ strontia, lithia, baiyto, copper, and 
iron, and oontiDues : '^Of aU salts, the muriates succeed the best, 
from their volatility. The same colours are exhibited also when 
any of the salts in question are put (in powder) into the wide of 
a spirit lamp. The colours thus communicated by the dillerent 
bases to flame afford in many cases a ready and neat wny of 
detecting extremely minute quantities of them. The iniro earths, 
when violently heated, as has recently been practised by Lieut 
Drummond, by directing on small spheres of them thci llanics of 
several spiiit-lamps, urged by oxygen gas, yield from tlich 
surfaces lights of extraordinary splendour, which, when examined 
by prismatic analysis, are found to possess the peculiar definite 
rays in excess which characterise tlie tints of Haines coloured by 
them ; so that there can be no doubt that these tints arise from 
the molecules of the colouring matter, reduced to vapour and 
in a state of violent ignition.” 

Talbot says : ^ “ The flame of sulphur and nitre contiiius a rod 
ray which appears to me of a remarkable nature. This red ray 
appears to possess a definite refrangibilily, and to bo charac- 
teristic of the salts of potash, as the yellow ray is of the salts of 
soda, although, from its feeble illuminating power, it is only to 
be detected with a prism. If this should bo admitted, I would 
further suggest that whenever the prism shows a Iwviojjcncouii ray 
of any colour to exist in a flame, this ray indicates the ibrniatiou 
or the presence of a definite ck&mical com^mundl^ Somcwliab 
further on, in speaking of the spectrum of red fire and of the 
frequent occurrence of the yellow line, he says : The other lines 
may be attributed to the antimony, strontia, &c. which enter 
into this composition. Tor instance, the orange ray may bo 
the effect of the strontia, since Mr. Herschel found in the llaino of 
muriate of strontia a ray of that colour. If this opinion should 
be correct, and applicable to the other definite rays, a glance at 

1 Brcwftter’B Jouiiial of Science, vol. v. 1826 ; Chomicnl Nows, April 27, 1861. 
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the prismatic spectrum of a flame may show it to contain 
substances which it would otherwise require a laborious chemical 
analysis to detect.” In a subsequent communication, the same 
physicist, after a striking description of the spectra of lithiixm 
and strontium, continues: “Hence I hesitate not to say that 
optical analysis can distinguish the minxitest portions of these 
two substances from each other with as much cox’tainty as, if 
not more than, any other known method.” 

In these expressions the idea of “chemical analysis by 
spectnim obseiwatioiis ” is most clearly i)xxt forward* Other 
statements, however, of the same observers, occxxrriiig in the 
same memoirs from which the foregoing (pxotatioiivS arc taken 
(bxxt not mentioned by Professor Miller in his abstract), flatly 
contradict the above conclusions, and i)hi(5e the foundationa of 
this mode of analysis on most xxncertain groiuid. 

llerschcl, in page 4118 of his article on Liglit, almost innncr 
diately before the words quoted above, says : “ In certain (tases 
when the combxxstion is violent, as in tlie case of an oil-lamp 
xnged by a blowpipe (according to Fraunhofer), or in the xx])per 
part of the flame of a spirit-lamp, or when sul])hur is thrown 
into a white-hot ciT-xcible, a very large quaixtity of a definite and 
pxxrcly homogeneoxxs yellow light is produced ; and in the latUn* 
C5USC forms nearly the whole of the liglit. Hr. Prewster has also 
foxxnd the .saiiu* yellow light to bo produced when spirit of wine, 
diluted with wabu*, and heated, is set on fire.” 

Talbot stab's;'-^ “Hence the yellow rays may indicate tln^ 
preseiKUi of sodn, but they nevertlu'h^ss fr(‘([n(mily ap])ear where 
no soda can be suppose', d to be ])reseut.” He then moiitions that 
the yellow light of burning siil])liur, dise^ovcnul by Tb'.rscbel, is 
identical with the light of the flame of a s])irit-lam]) with a 
salted wick, and states that ho was inclined to believe that the 
yellow light wliicb occxxrrud when salt was strewed xipon a 
platinum foil place'd in a flame “was owing to the water of 
crystallization rather than to the soda : but then,” he (iontimu's, 
“it is not easy to explain why the salts of potash, &c. should 

> IMiil. 18;U, vol. iv. 11 h duMnicnl N’cwh, April 27, ISdl. 

Jdurnal, V(»l. v. 182(5. 
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mbti produce it likewise. Wood, ivory, paper, &u., when idaced 
in the gas flame, give off, besides their bright flame, more or 
dess of this yellow light, which I have always found tlio same 
dn its characters. The only principle which these various bodies 
have in common with the salts of soda is water ; yet I think that 
‘the formation or presence of water cannot be the origin of this 
yellow light, because ignited sulphur produces the vmf same, a 
substance with which water is supposed to have no analogy” 
It may be worth remark,” he adds in a note, “ though probably 
'accidental, that the specific gravity of suljphur is I’DO, or almost 
'exactly twice that of water.” It is also remarkable,” he con- 
tinues in the text, that alcohol burnt in an o]ieii vi‘.S8el, or iii 
a lamp with a metallic wick, gives hut little of the y(?llow light ; 
while, if the wick he of cotton, it gives a considerable quiinlity, 
and that for an unlimited time. (I have found other iuHtances of 
a change of colour in flames, owing to the mere ^rcnence of the 
{substance, which mffers no dimioiution in coomfivniM. Thus a 
particle of muriate of lime on the wick of a B])irit-.lamp will 
produce a (quantity of red and gi'oen rays for a whole evening 
without being itself sensibly diminished.)”^ 

In a later portion of the memoir he attrilmtes the yellow line 
in one place to the presence of soda salts, in nuutlKU' to that of 
sulphur. Thus, iu the above-mentioned staUnnent couc.erning 
the spectrum of red fire, he says, **T1 ig bright line iu tlu^ yellow 
is caused, without doubt, by the comhustion of the siiliilmr.”” 

' Hence we must admit that the conclusion that tlio aforesaid 
yellow line can he taken as a positive proof of the ])r(^sone(^ of 
sodium compounds in the flame can in no way be diidue.ed from 
Herschel and Talbot’s researches. On the contrary, the nume- 
rous modes in which the line is produced would rather p(nnt to 
the conclusion that it is dependent upon no chemical constituent 
of the flame, but arises by a process whose nature is unknown, 
which may occur, sometimes more cosily, soiuctinics with tlilli- 

' Brewster’s Jounml, vol. v. 1826. 

^ A short statement of Heracliel and Tjdhot’H roRultH, an lu‘ri‘ (|UoIim1, wuh iniiilc 
hy me in a lecture attheUoyal lustitiitiou on Ajn*il f», 186*2. and renrintod in llic* 
OhenikaZ VcMwfor May 10, 1862 — H. K. U. 
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culty, with the most different ohetnical elements. If we accept 
such an explanation concerning tins yeUow line, we must form 
a similar opinion respecting the other lines seen in the spectrum, 
which were far more imperfectly examined; and in tliis we 
should be strengthened by the statement of Talbot, that a piece 
of chloride of calcium by ita mm ^prcaemc in the wick of a liaine, 
and without mffmTig any dwmmtion^ causes a red and a green 
line to appear in the spectrum. 

The experiments of Wheatstone, ^ Masson, Angstrom, Van 
der Willigen, and Plucker upon the spectra of the electric spark 
or electric light (to which I have already referred in my “ Re- 
searches on the Solar Spectrum and Spectm of the Oheiiiical 
Elements,” Macmillan, London, 1802, p, 8), as well as those of 
Despretz,‘^ from which this physicist concluded that the posi- 
tions of the bright lines in the spectrxun of the light from a 
galvanic battery wei’c uualtorod by variation of the intensity of 
the current, might servo to suppoit the view that the bright 
lines in the spectrum of an incandescent gas are solely depend- 
ent upon the several chemical constitiuiiits of the gas ; but they 
could not be considered as proof of such an o[)inion, as the con- 
ditions undt*.r wliic.h they Averc made were, for this purpose, too 
complicated, and the i)henomcna occumng in an electric S])ark 
too ill understood. The demonstrative powder of the above ex- 
periments as regards the (lucstion at issu('. is rendered loss cogent 
by the difleronce visible in the colour of the electric light in dif- 
ferent parts of a Gcissler's tube ; by the circumstance noticed by 
Van tier Willigen, who obtained different spetdra by ])asHiiig an 
electric spark from the same (‘h^ctrotles through gas of constnnt 
chemical com]) 03 ition, if the density of the gas Avas varied within 
suHicient limits ; and lastly by an observation which Angstrom 
cursorily mentions. This xdiysicist says : ^ Whcatslono has 
already noticed that when the poles consist of two different 

* 'WlKiiitHlonn not ]in*r<'ly i’Xp(‘riincnlt‘(l with llic Hpnrk Prom on (ilci'triciil 
nmchinn, lull with tho volluic indm’.iion-Bjjnrk. (lU'port of the HriliHli 

A.sH()(‘.i«lion, ; Clieminil Nowh, Marcli ‘iJi, uinl Miurli :Jn, ISOl.) 

^ ('impten vol. x\.\i. ]>. Osr>n). 

^ Ann. vnl. xnv, \). 151) (Ir.iiiHlnlml in I’hil. Mn^. lor Miiy 1855). 
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luetais tlie speotram coatains tlie Hues of both iiietula. Heuce 
it became of interest to see whether a compound of those metals, 
especially a chemical compound, also gives the lines of both 
metals, or whetheif the compound is disliiiguishcd by the occur- 
rence of new lines. Experiment shows that the first supposition 
is correct). The sole difference noticed is, that certain lines were 
wanting, or appeared with less distinctness ; but when they wore 
observed, they always appeared in the position in wliich tliey 
occurred in the separate metals.” In the following sentence, 
however, h© states, “ That in the cose of zinc and tin the lines 
in the blue were somewhat displaced in the direction of the 
violet end, but the displacement was very inconsiderable.” Had 
such a disidaceinent, however small, rcallij occurred, we must 
conorude either that the bright lines of the electric si)ark obey 
other laws than those of a glowing gas, or that these latter 
are not solely dependent on the sepaiutc eheiuical coiistiluciits 
of the gas. 

The c^uestion at issue respecting the lines of incamhweiit 
gases could only be satisfactorily solved by cxpeviiuents carrictl 
•out under the most simple conditions — such, for instance, as the 
examination of the spectra of Haines. Obseiwations of this kind 
•were made in the year 1845 by Professor W. Alh*u Miller, but 
they do not furnish any contribution towarils a solution of tho 
question. Dr. Miller has the merit of having first published 
diagi'ams of the spectra of flames;^ hut these diagrams are but 
slightly successful, although, in a ropublicatiou in the Chemmd 
News^ of the paper accompanying these diuwiiigs, Mr. Crookes 
remarks: “We cannot, of course, give the coloured dingraniH 
with which it was originally illustrated ; hut wo can assure our 
readers that, after making allowance for the im])errect staU*. 
of chxomolithography sixteen years ago,® the diagrams of the 
spectra given by Professor Miller are move acmivate in sevm'iil 
respects than the coloured spectra figured in recent numbers 

1 Phil. Mag. for AugiiHt 1845. ^ Cheinioiil Noww, Muy IS, IStil. 

® Prof. Miller’s tlingramd are not hy i'ln-(miohtlHigra])li.Y, bill, as in hiTii 

on iiiapeoUon, tintedby Unntl.— H. K. lb 
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yf ili6 scientilio iieriddicale.” In reply to this “aasnrance” • 
of Mr. Uiwkes I only have to remark that, hy way of experi- 
uu*nt, 1 have laid Professor Miller’s diagrams before several 
persons couvorsaut with the special spectra, requesting them 
to point out tlxo drawing intended to represent the spectrum 
of slroutiuin, barium, and calcium respectively, and that in no 
iuHliinco have the right ones been selected. 

Swan was the first who endeavoured experimentally to prove 
whether the almost invariably occurring yellow line may be 
solely (iauaed by the presence of sodium compounds. In his 
classical research “ On the Spectra of the Flames of the Hydro- 
carbons”^ (referred to both in my “Kesearches” and in the 
paper published by Bunsen and myself) Swan shows how small 
tlio (luantity of sodium is which produces this line distinctly ; 
ho finds that this (luautity is minute beyond conception, and 
ho concludes ; “ When indeed we consider the almost universal 
dilVuhion of the salts of sodium, and the remarkable energy with 
which th(*y produce yellow light, it seems highly probable that 
the yellow lino u, which appears in the spectra of almost all 
Haines, is in every case due to the presence of minute quantities 
of sxslium." 

The strict subject-matter of Swan’s investigation was the 
»-omiiarison of the si)ectra of fiames of various hydrocarbons. 
'■ vesidt of his comparison has been, that in all the spectra 
jirtiilufcil by substance, eiUier of tlie form C,Hs, or of the 
fonn (',11,0,. tlie brigliL lines have been iiidenticah In some 
cases, indeed, cetiain of tbe very faint lines which occur in 
the speclniio <d“ the Bunsen lamp were not seen. The bright- 
ness of the lines varies with the propoitiou of carbon to hydro- 
uen in tlie. subslanee which is burned, being greatest where 

"here, is most carbon Tbe absolute identity which is thus 

sliown to exist between the spectra of dissimilar carho-hydrogen 
cnipoands is not a little remarkable. It proves, 1st, tba.t the 
isisilion of tbe lines in tbe spectrum does not vary with the 
proport, ion of carbon and hydrogen in the burning 
wlien we comiiavo tbe, spectra of light carburetted hydrogen, 

‘ Tiiuw. Key. Soc. (il vol. x\i. l>. HI- 
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61 efiant gas, OaHg, and oil of turpentine, OgoHa; and 2dly, 
that the presence of oxygen does not alter the character • of 
the spectrum: thus ether, C4H5O, and wood spirit, OaH^Og, 
give spectra which are indentical with those of parafdn, CooHaoj 
and oil of turpentine, OgoHa. 

"In certain cases, at least, the mechanical admixture of oilier 
substances with the carbo-hydrogen compound does not affect 
the lines o'f the spectram. Thus I have round that a mixture 
of alcohol and chloroform bums with a flame having a very 
luminous .green envelope — an appearance characteristic of the 
presence of chlorine — and no lines arc visible in the spectrum. 
When, however, the flame is ui'ged by the blowpipe, the light 
of the envelope is diminished, and the ordinary Hues of the 
hydrocarbon spectrum become visible/’ 

In, this research Swan has made a most valuable contribu- 
tion towards the solution of the proposed question as to whether 
the bright lines of a glowing gas are solely dependent u])Oti 
its chemical constituents ; but he did not answer it positively, 
or in its most general form ; he did not indeed enter upon this 
question, for he wished to confiuo his iuvestigiition to the spectra 
of the hydrocarbons, and was only led to the cxaniiimtioii of 
this yellow Hne by its frequent occurrence in these spectra. 

No one, it appears, had clearly ])ro])Ounded this question 
before Bunsen and myself; and the chief aim of our common 
investigation was to decide this point. Experiments wdiicli were 
greatly varied, and were for the most pait new, led us to the 
conclusion upon which the foundations of the “ chemical 
analysis by spectrum observations ” now rest. 



APPENDIX C. 


ON .THE spectrum: OF THE BESSEMER FLAME. 

BY W. M. WATTS, D.So.i 

The October immber of the "Philosophical Magazine'* con-* 
tains translations of two ])apors by Prolessor Lioh'gg, giving Iho 
results of his observations on tlio si>ectruin of the Bessemer 
flame. As these results art» published as entirely now, and no 
mention is made of any prior observations, it is only right that 
attention should bo called to the fact that as long ago as 18l>2 
the same results had boon obtained by Professor Uoscoo, and 
wore i)ublished in the form of a short imdiminary notices in the 
"Proceedings” of the Manchester Literary and Philosophical 
Society for February 24th, 18G3* As the note is extremely short, 
I venture to transcribe it in full : — 

" Ih*ofo83or Koscoe stated that he had been for some little 
time, and is still, engaged in an interesting examination of the 
H])ee1mm i)roduced by the flame evolved in the manufacture of 
cast st.(\‘l by the Bessemer process, on the works of Messiu 
John Brown and Co. of Shcflield. The si)ectrum of this highly 
luminous and i)cculiar flame exhibits during a certain ])haso of 
its existence a com])Ucated but most (iharacb^ristic siu'ies of 
bright lines and dark absorption bands. Amongst the former the*, 
sodium, litliiuin, and ])otassium linos arc most conH])ieuous ; but 
th(‘se are a(;companied by a number of other, and as yet undeter- 
min(«l, bright lines ; whilst among the absoiptiou bands those 
formed by sodium vapour and carbonic oxide can be readily 
distinguished. Proh^ssor Koscoe expressed his helief that this 
first practical application of the specimm analysis will ])rove of 
, ^ Phil. Miig. (0 wkIv. 017. 
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the highest importance in the ninniifactnre of cast steel hy the 
Bessemer process, and he hoped on a futnro occasion to be in a 
position to bring the subject before tho Society in a more 
extended form than he \vas at present able to do.” 

In a lecture delivered before the Royal Institution (May 6, 
1864) a year later than the communication quoted abovi^, Dr. 
Roscoe described the Bessemer spectrum more fully, and jiointed 
out tho existence of lines produced by carbon, iron, sodium, 
lithium, potassium, hydrogen, and nitrogen. 

An important practical result of the observations on which 
these communications were baaed was tlie discovery that tho 
exact point of decarbonization could bo determined by means of 
the spectroscope with much greater exactitude than from 11 ic 
appearance of the flame itself, the change in wliicdi indicating 
the completion of the process is inimito, and reiLuires a length- 
ened experience to detect with certainty. This method of deter- 
mining the point at which it is neceaaaiy to stop tho blast was 
indeed at that time (1863) in constant use at Messrs. Brown’s 
works at ShefiSeld, and has since been iiitrocliicod wdth (H|ual 
success by Mr. EsLmsbottom (at the suggestion of Dr. Roscoe) 
at the London and N'orth-Western Rtiilway (Company’s stf’cl- 
works at Crewe. ' 

I was at that time aojtijjig as assistant to Brofossor Roscoc, and 
in that capacity conducted a lengthened exinninatiou of tho Ih\s- 
semer spectrum at the works at Crewe. The results of that 
iuvestigation were not published at the time, on account of tlunr 
incompleteness; and I have since then contiinu’d in Olaagow 
the same research, which has now extended its(df into an impiiry 
into the nature of the various spectra ])rodiicc*d by ilic curbou 
compounds. These experiments are still incomplete; but, iiruUu' 
the circumstances of the publication of Professor Liedtigg’s 
* papers, I have put together a few of the more impoiiant rt‘sul(s 
obtained in the examination of the Eesaciner s])cctriim. 

The changes which take place in the spcctinm from the com- 
mencement of the “blow” to its termination arc extnnncly 
interesting. When the blast is firet turned on, notliiiig is s(‘cn 
hut a continuous specti'uui. In tliree or four miniiLes llio 
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sudiiim line appears flasliing through the spectrum, and then be- 
coming continually visible ; and gradually an immense number 
of lines become visible, some as fine bright Lines, others as 
intensely dark bauds ; and these increase in intensity until the 
conclusion of the operation. The cessation of the removal of 
caron from the iron is strikingly evidenced by the disappear- 
ance of nearly all the dark lines and most of the bright ones. 

The spectrum is remarkable from the total abseneo of lines in 
the more refrangible portion; it extends scarcely beyond the 
solar line Ik 

No. 2, Fig. 33, rei)roscnts the gem'ml c())j)eam7iGe of the Bes- 
semer spectrum towards the close of the “blow,” drawn according 
to the plan i)roposed by Bunsen (see pages 59, 88). It must 



Fig. 83, ^ " 


be remarked, however, that at the period of greatest intensity 
almost every bright band is seen to be composed of a great 
number of vciy lino lines. 

The occurrence of almrptiim lines in the Bessemer spectruin 
is in itself extremely prohablc, ; and that tliis is the (jase a])peai’s 
almost proved hy tlie great iutc'iisity of some of llic dark lines 
of the si)ectrum. It wtus with this view that the investigation 
was commenced, with tho cxpecjtation that the spcctnim would 
prove to be a compound one, in which the lines of iron, carbon, 
or carbonic oxide, &c. would l)e found, some as briglit lines, 
others reversed as dark ahsoi^ptiou bands. To a certain extent 
this anticipation has Ix^en vorilied ; hut tho groat mass of tli^ 
lines, including tho brightest in tho whole spectriini, have not as 
yet been identified. 
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In dealing with a complicated spectrum like that of the Bes- 
semer flame, it is indispensable liat the sj)ectrum should be 
actually compared with each separate spectrum of the elements 
sought This was the plan actually pursued ; the spectroscope 
was so arranged that the spectrum of the Bessemer flame was 
seen in the upper half of the field of view, and the spectrum 
with which it was to be compared was seen immediately below- 
In no other way can any satisfactory conclusion be obtained as 
to the coinpid^ce or non-coincidence of the lines with those of 
known spectra. 

The spectrum of the Bessemer flame was thus compared with 
the following spectra : — 

(1) Spectrum of electric discharge in a, carbonic oxide vacminu 

(2) Spectrum of strong spark between silver poles in air. 

(3) „ „ iron 

(4) „ „ iron polos in hydi'ogcn, 

(5) Solar spectrum. 

(6) Carbon spectrum— oxyhydrogen blowpipe supplied with 
olefiant gas and oxygen. 

The coincidences observed were, however, Imt veiy few, and 
totally failed to explain the nature of the B(‘.aseinor si)eetruin. 
The lines of the well-known carbon spectnun (given in No. 1) do 
not occur at all, either as bright lines or as abHorption bauds ; 
nor was any coincidence observed between the linoSpOf the Bes- 
semer spectrum and those of the carbonic oxide vacuum tube. 

The lines of lithium, sodium, and potassium are always scon, 
and are nnmistakeable. 

The three fine bright lines, 73‘7, 70*8, and 82, are duo to iron. 
The red band of hydrogen (c) is seen as a black bond, more 
prominent in wet weather. 

After the charge of iron has been blown, it is run into the 
ladle, and a certain ipiantity of the highly carbonized fipiofjel- 
eisen is run into it. The effect of the addition of the spiegoleisen 
is the production of a flame which is larger and stronger when 
the blow has been carried rather far. This flame occasionally 
gives the same spectrum as the ordinary Bessemer flame ; but 
more commonly a quite different spectrum (No. 3) is seen, which 
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reminds one at first of the ordinary carbon spectrum, but differs 
from it very remarkably. 

In the carbon spectrum, which is drawn in No. 1, each group 
of lines has its strongest member on the left (ic. less refran- 
gible), and fades gradually away towards the right hand : in the 
spectrum of the spiegel flame the reverse is the case ; each group 
has its brightest line most refrangible, and fades away into dark- 
ness on the least refracted side. A comparison of the drawing 
of the spectrum of the spiegel flame (No. 3) with that of the Bes- 
semer flame (No. 2) will show that they really contain the same 
lines ; but the general appearance of the spectrum is completely 
changed by alteration of the relative brightness of the lines. 
This WQfl shown by direct comparison of the actual spectra. , 

There can be no doubt that the principal lines of the Bes- 
semer sjiectium are duo to carbon in some form or other. My 
own belief is that they are due to incandescent carbon vapour. 
The experiments in wliich I am at present engaged have already 
shown the existence of two totally different spectra, each capable 
of considerable modification (consisting in the addition of new 
lines), corresponding to alterations in the temperature or mode 
of producing the spectrum, and each due to incandescent carbon. 
It is possible that the Bessemer spectrum may prove to be a 
third spectrum of carbon, produced under different circumstances 
from those under which the ordinary carbon spectrum is ob- 
tained ; and the intensity of the dark bonds is more probably 
duo to contrast with the extreme brilliancy of the bright lines 
than to tlicir actual formation l)y absorption. 
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IGNITED GASES UNDER CERTAIN CIRCUMSTANCES GIVE (CON- 
TINUOUS SPECTRA.— COMBUSTION OF HYDROGEN IN OXYGEN 
UNDER GREAT PRESSURE,^ 

It has long been known that the flames of several gases, sncli 
as carbonic oxide, burning in the air to form gaseous ])r()(luets of 
combustion, give continuous spectra. Dibbits^ in 1804 poiiil.o{l 
out that, when oxygen and hydrogen arc burnt in exactly the 
proportions to form water, a faint continuous spectrum alone is 
seen, neither the hydrogen nor the oxygeii lines being visible. 
He states that the following gaseous products of combustion, viz. 
water, hydrochloric acid, sulphur dioxide, niid carbon dioxide, 
exhibit continuous spectra when they are heated to incanch's- 
cence. Franldand has recently shown that, when hyclrogcn gas is 
burnt in oxygen gas under a pressure gradually increasing iij) to 
twenty atmospheres, the feeble luminosity of the flame becomes 
gradually augmented, until at a pressure of ten atmospher(‘.s lh(5 
light emitted by a jet about one inch long is ainjdy sulflcieiit to 
enable an observer to read a new-spaper at a distanco of two loot 
from the flame. Examined by the spectroscope the spectrum of 
this flame is bright and perfectly continuous from red to vioh‘,t, 
A similar increase of luminosity was observed in the case of 
carbonic oxide gas burning in oxygen under pressure ; and with 
this gas the spectrum, both when burning under the pressures of 
the atmosphere and higher pressures, is a continuous one. This 
has also long been known to be the case with the cumbusiion of 
carbon disulphide in oxygen or nitilc oxide, and with iliat of 

^ Frtmkland, Proo. Roy. Soo. xvi. p. 41 f). 

* Pogg. Ann. cxxii. 497. 
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avaeuic and phosphorus in oxygen. In these oomhustioiis Ur. 
rrankland believes it to be impossible that the continuous spec- 
tniin is due to glowing solid matter, as the temperature at wliioli 
these products of combustion are volatilized is much below the 
point at wliich bodies become luminous, and ho expresses the 
opinion (“ Lectures on Coal Oas,” see Joitrml of Gas Lighting^ 
March 18(i7) that the luminosity of a candle or coal-gas llanie 
is not due to the incandescence of the particles of solid carbon 
separated out and heated in the flame, according to the gene- 
rally received explanation of Davy, but that it is produced by 
the ignition of liighly condensed gaseous hydrocarbons ; and 
ho considers liimself siip])()rted in tliis view by the fact that 
the luminosity of a candle llaino diminishes pro))oi'tionally to 
the diminution of the atmospheric prcssiu*e under wliich it 
l)iirns.^ 

However extensively future research may modify the ])ro]K)- 
silioii that gases give discontinuous spectra, it is widl to 
vemembor that the tlicorg of m^haiujes, upon which the sciences 
of Spectrum Analysis is based, does not give us any information 
as to whetlier a gas yields a continuous or a broken spectrum. 
This theory states that a gns — or any other body — which when 
incandescent is perfectly transparent to a certain class of rays, 
cannot emit these rays ; but that it imtHt emit any rays to which 
it is not perlectly transparent. 

If a glowing gas under great pressure absorbs some of each 
kind of lh(*. rays whicli fall upon it, it emit a continuous 

spectrum. Even under diminished pressure many gasi^s (‘-xhihit 
traces of a continuous spectrum : this is s(*en e.le.arly in a llami^ 
e^olomed by sodium or potassium salt. Kirchholf has shown that 
when the temperature or density of a glowing gas is increascid 
and the luminosity of the spectrum becomes more intense, tlu^ 
dark ])ortions of the spectrum mast incivuse in luminosity more 
va])idly than the bright portions. Hence it does not a])pe}ir 
surprising that hy increase*, of lemi)eratui’(* and ])ri‘ssur(i ilu* 
specivuni originally consisting of bright lines or l)aiids upon a 
searc.cly visible continuous background sliouhl gmdually change 

> Kniiilvlniul, IMiil 'rjiUiM. vol. di. y. loi l.S(il. 

K 
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into a spectrum exhibiting all the coloui’s with an equal degree 
of intensity.^ 


APPENDIX E. 

DESCRIPTION OF THE SPECTRA OF THE OASES ANT) NON- 
METALLIO ELEMENTS. 

The spectra of the gases are obtained (1) by passing the 
electric spark from poles of certain metals whoso lines arc 
known through the gets under the ordinaiy atmospheric ])reHaure; 
or (2) by observing the electric discharge passed through a 
capiUery tube (Geissler*s) containing the gas in a mrcHed state. 
Ejxchhoff and Huggins have adopted the first, Mucker and 
Hittorf (Phil Trans. 1865, p. 1) the second iiiotliod. 

The Air Spectrum , — '‘The lines given in this siioctniiii im 
present with all the electrodes when the spark is taken in air at 
the common pressure. The lines thus obtained lietwooii one set 
of electrodes of platinum and the other of gold wove ohservcul 
simultaneously. The lines common to both these sjiectini wore 
measured as those due to the componoiats oi* the air. The 
spectrum thus obtained remains invariably con.staut, with 
reference to the position and relative characteristics ol* its lines, 
with all the metals which have been employed. Tho air 
spectrum varies as a whole, however, in distinctucas according to 
the metal employed as electrodes, owing to the diflbrcnco in the 
volatility of the metals, the air in and around the elcctroih^.s 
being more or less replaced by the metallic vapours.” Tlu* air 
apectrum is made up of the spectra of the following conii)()n(nita 
— ^nitrogen, oxygen, and hydrogen. Grandeau^ and Kundt’^ luive 

^ H. St. Claire Deville (Phil. Mag. Foui’th Series, vol. xxxvii. p. Ill) (*x]>laiiiH 
the increase and luminosity in gases hiirnt nudor presRuro hy tho conH(»([iu‘nt 
increase of the temperature of the dome, and does not ondorno Frankhiiid’s views 
with reference to the source of light in a candlo llamo. Tliis is in fact tho fliiino 
explanation of the phenomena as that given hy Kirchhoff. 

> Chemical News, ix. 66. 3 ^Vnii. cxxxy. p. m.^. 



APPEND. E.1 SFWTRA OF EYDROGEN AND NITROOEN. 


131 


observed the spectrum of lightning; and, in addition to the 
nitrogen and hydrogen spectra, have seen tlie bright yellow 
sodium line. 

Huggins has empldyed the air lines (seen on Plates I. and II. 
and in the Tables at end of lecture IV.) as a scale of referenc(i 
for recognising the bright lines of the metals. 

Hydrogen , — ^The spectmm of hydrogen seen under the ordinary 
pressure consists of three bright fine lines (see Chromolith. No. 8, 
facing Lecture VI.). 

Ha coincident with Fraunhofer’s C in the red. 

H/3 „ „ F „ bluish green. 

Hy „ „ Cr „ violet. 

These lines arc also seen when the gas is rar(‘fied; but if the 

rediKjtion of pressure be contiiuied, the red lino Ha gradually 

(lisai')poars, whilst ITyQ, though fainter, remains well doHiu'd. 
riilckor finds that when the intensity of the s])ark is incrcas(‘(l 
the bands H/S and Hy begin to broaden, and wIkui the tension 
of the gas is increased to 3G0 inm., and a Leyden jar introduced 
into the circuit to raise the temperature of the discluirge, the 
bright lines are found to give way to a continuous spectnim. 
This change from lines to a continuous spectrum is not observ(‘,(l 
under the ordinary atmospheric pressure. Wullnc'r has r(*cently 
shown^ that by intensifying the discharge through a Oeissl(‘r’s 
tube containing hydrogen the tube and the almulc.d ])arti(il(is of 
the glass become highly heated, so tliat first the sodium lim* and 
afterwards the calcium lines make their ap[)(‘aranc(s whilst at 
last the spectnim becomes continuous, and tli(^ sodium liiu^ is 
reversed, giving a dark absorption line*. 

Nitrogen . — In the spectrum of the electric s])ark when takiui 
in a current of pure nitrogim, under the ordinary ])ri‘ssur(‘, ii 
few of the lines of common air are wanting, but no new lines 
a])])ear. The lines of the air spectrum wdiich remain in niirog(ui 
]m^s(U■vc their relative brightness and tlaur distinctive eharael(‘r. 
In the Tables theses lines are disLinguislu'd by tlu*- letter N 
(pp. Ifl-l- — 171). Plucker and llittorf hav(‘. observed some 
remarkable change's which the nitrogen sp(‘(*1rnni ninhngoes 
1 AtMI. r\\\\ \t 171 

iv 2 
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wlien tlie cimeiit is intensified. Nitrogen, like otliov gases, does 
not allow the induction current to pass when it is in an extreme 
state of rarefaction ; hut when its tension is only a fraction of a 
millimetre, the current passes, and the gas becomes luminous. 
At a comparatively low temperature nitrogen thus ignited emits 
n golden-coloured light, giving a series of hands (see Chroiiio- 
lith. No. 9 facing Lecture VI.) ; above this point the colour be- 
comes bluish, and a new spectrum of bonds appears. If a Leyden 
jar be enclosed in the circuit, the temperature again rises, and a 
brilliant white light is emitted, the spe(jtrum again cdianging to 
one of bright lines on a dark gimind. These lines do not change 
their position with alteration of tomperaturo, though the brilliancy 
of all does not increase in the same ratio. Hucker designates 
the spectra consisting of broad bauds spectra of the lirst 
order;’' whereas those composed of fine bright lines on a 
dark background are termed “spectra of the second order." 
The nitrogen spectrum of the second order is doubtless that 
of the air spectrum. The differences tlms observed are attri- 
buted by Pliicker to the existence of allotropic coiulitiona {)f 
nitrogen which decompose at high temperatures (for analogous 
phenomena, see Appendix B. Lecture IV.). According to Kuiidt 
the spectrum of lightning varies with tlu' nature of the. 
discharge, the difference being due to the ap])eavance of tlu*. 
two nitrogen spectra ; one of these (viz. the s(*.coud spectrum of 
the first kind) is also seen when the discharge of electricity from 
a point is observed. The dischaige of forked lightning gives a 
spectrum consisting of bright linos, being the iiilrogon spc'ctnim 
of the second order. 

Oxygen . — The lines given by this gas are given in Huggins’ 
Tables (pp. 164-171), and designated by the letter (). Tlu* same 
experimenter found that some few liiu's appeared in tlu* s])ei‘t.ra 
of both nitrogen and oxygen. On further examination lui linds 
that the phenomenon is produced by the superposition in the air 
spectrum of lines of oxygen and nitrogen. I’lucikev, opi^rating 
as with nitrogen, obtained only one “ secondary " s])eelrum of 
oxygen, but the linos appeared to expand so as to form a 
continuous spectrum at a higher temperature*. 
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Buljplmr , — Wlien sulphur bums in the air, or when cai*boii 
disulphide bums in nitric oxide, a continuous spectrum is 
observed. If a little sulphur be introduced into a narrow 
Goissler’a tube, and the aix withdrawn, a band spectrum of the 
first order is seen upon warming the tube and passing the spark 
through. On continuing to heat the tube these bands change 
to bright lines. A figure of these two spectra is given in 
1‘lucker and Hittorf's memoir. 

Selmium likewise yields a characteristic ai)ectrum, 

Phosphcynis yields a spectrum of the second order when 
treated like sulphur. Tlio characteristic lines are three bright 
l)ands in the green, having the jmsitions 58, 70, and 74 to 75 on 
the scale of the spectroacopc, when Na = 50. The green line 
appears with one ])risni to be coincident with the green barium 
line Pa S. The green l)ands may be seen l)y observing the 
si)ectrum of the gi'eeii spot which jnaki's its ai)p(uirane,e in 
the interior of a hydrogen flame wh(*.n the slightest trace 
of a phosphonis com])ound is placed in contact with the dis- 
solving zinc (Oristolle and Beilsteiu, Annalvn tU Chimic el de, 
PliAjwiue, 4 S(Sr. iii. 280). 

ChlomiG^ Bromine, and Iodine, when enclosed in (leissleris 
tubes, each gives a peculiar si^ectrum of bright lines, which 
expand, and ultimately form continuous six’clra, when the 
tiunpcraturo is incrc^ased. figures of these spectra are given in 
the memoir above referred to. 



LECTURE IV. 


Spectra of tlie Heavy Metals. •^Exaniiiiatiou of tlio Liglit of tbo Kloc- 
tiic Dischai'ge.*— VolatUiiaiion of Metals in the Elcoiric 
Kirchhoff and Huggins' Maps of tlio Motnllic Linos. — Action of 
Increase of Temperature on. tlie Spectra.— Spectra of Compound 
IBodies. — Absorption Spectra of Blood and otlior Coloured LupiidB. 
— Application to the Microscope. 

Appendix A. — On the Spectra of some of tbo Chemical Elomeuts. 

Appendix B. — On the Effect of incroosod Temperature u[)on the 
Kature of the Light emitted by the Vapour of certain Metals, or 
Metallic Compounds, 

Appendix C.— On the Spectra of Erbium and Didyniium Com})ounilH. 

Appendix D. — Description of the Micro-spectroscope. 


The subject to -wliich. I would wish in the first place to 
direct your attention to-day is the mode by which wc 
can determine by spectrum analysis the presence of 
metals proper, or heavy metals. How, for insttuicc, can 
we aacertain the presence of copper, or of gold, or of silver, 
or of zinc, or of iron ? how can wc volatilize these mcttds 
to make them give ojff the light which is peculiar to each 
one ? I have here the means of doing this. Wc have again 
to employ our most valuable agent, elcctiicity. I will 
for this puipose use a battery of the most improved kind, 
which has been kindly placed at my disposal by JVlr. 
Wheeler. This battery is a very valuable and successful 
one ; it is one in which plates of solid hai*d carbon are 
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used in place of platinum. Platinum, as you arc aware, 
is a very valuable substance, and very liable to deteriora- 
tion ; and the soft carbon used in the ordinary Bunsen 
battery absorbs so much nitric acid as to act in a very 
awkwiu’d manner in using the bsittery. By means of this 
battery and induction coil I can obtain an electric spark ; 
and by means of the electric spark I can get what I 
require, namely, the volatilization of these metals. It is 
many years since the application of the electilc spark 
to this particular branch of a)ialysis was discovered. 
The first person who examined the nature of the elec- 
tric spark was AVollaston, wliosc name I mentioned to 
you in my opening lecture as having first pointed out 
the existence of these very important diuk linos in the 
solar spectrum. But it was Faraday wlio first declared 
tliat the electric spark consists solely of the material 
particles of the poles, and the medium through which 
it passes. It was originally supposed that eloctiicity 
had some existence apart from matter ; but Faraday, by 
a most elaborate scries of experiments, discovered that 
when the electric spark passes from one knob of the 
electric machine to your hand or knuckle, a quantity 
of matter passes too, partly consisting of the brass of 
the ])olo, and partly consisting of the. air and moisture 
which exist between your knuckle and the brass knob. 
He speaks in his experimental researches of the elec- 
tric spiuk as being ]»roduced by a cuiTent ])ropagali'(l 
along, and by, jtonderable matter, and heated in the 
same manner, and according to the same laws, sis a 
voltaic current heats and vohitilizes a metallic! wire!. Ho 
thiit what we see and c.all the spa,rk is rcailly tlu! ignition 
of th(! matter which (>xists in this arc ; and wlnm we take! 
a spark from the electrical machiin', tin; narlicles of the 
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braes are actually carried over from the one pole to the 
other, in this case from the pole to the kuuckle. If this 
is so, it is evident that, when we bring certain diftereiit 
metals in this arc, we must obtain different coloured 
sparks ; thus, if T bring a small quantity of strontium 
salt into the spark, we shall have a very intensely red 
light, due to the ignition of the peculiar body strontiuxu 
which is volatilized between the poles ; and when I take 
some thallium, we have the characteristic green colour. 

If we examine the light of such a spark with a sjjcc- 
troscope, we find that there are two superimposed spectra ; 
the one speetnim produced by the very bright points of 
light lying close to the poles, and the other by the less 
luminous portion of the arc lying ftirther from the i^oles. 
The spectrum of the bright points is that of the metal 
present ; tlie light from the less luminous portion in the. 
centre exhibits the spectrum of the incandescent air, and 
shows the particular lines produced by the giisos pr<'sent 
in the atmosphere, viz. nitrogen, oxygen, and hydrog(;n 
(for ui the atmosphere we have constantly the vapour of 
water present). Each gas gives us lines peculiar to itself ; 
and in some cases, when the quantity of carbonic acid 
present in the air is considerable, we may even get the 
carbon lines. 

It was Sir Charles Wheatstone, in the yctu- 1836, who 
first pointed out that the spectra produced from the sparks 
of different metals were dissimilar ; and he concluded that 
the electi-ic spark resulted from tli(j volatilization and not 
from the combustion of the matter of the poles tln'in- 
selves : for In*, observed the same phenomena in. vavno 
and in hydrogen, in which no combustion can occur ; 
and in 1835 he writes as follows : “ These diflerenc,es are 
so obvious, that one metal may easily be distinguished 
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from another by the appearance of its sptu*k ; and we 
have here a mode of discriminating metallic bodies more 
readily than that of chemied examination, and which 
may hereafter be employed for usefnl purposes." 

You have here a copy of the diagram (Fig. 34) pub- 
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lished in Wlicatstoue's ])ap(‘r, giving the. lines which he 
saw in the metals. Snl)se(pient researeh has shown 
that the munber of the lines peculiar (o each of these 
metals is v('ry large, although on Wheatstone’s diagram 
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but a few of these aie noticeable. On this drawing you 
see some of the bright lines of the metals mercury (Hg), 
zinc (Zn), cadmium (Cd), bismuth (Bi), tin (Sn), and 
lead (Pb). The letters placed above and below each 
bright line indicate its degree of intensity : very bright, 
bright, faint, very faint. 

It was chiefly through the experiments of the Swedish 
philosopher, Angstrom, that wo gained an intimate 
knowledge of the nature of the electric spark. In the 
year 1855 Angstrbm investigated the matter very 
thoroughly, and pointed out the important fact which 
I have explained, that the spark yields two superimposed 
spectra; one derived from the metal of the poles, and 
the other from the gas or air through which the sptuk 
passes. 

Perhaps I had bettor show you, first of all, the beauti- 
ful spectra of those metals, as I can exhibit them to you 
on a screen ; and then explain to you the accurate iuid 
exact phenomenon which is observed when we look at 
the spark through such a train of prisms as Mr. Browning 
was kind enough to exhibit to us on the hist occasion. 
I cannot show you these lines on the scrceu with any- 
thing like the amount of accuracy or deli(fa(;y with 
which we can see them when we throw the imago on the 
retina itself, for then we observe the true spectra. The 
lines observed then arc excessively fine and extremely 
numerous, and each lino is peculiiu to a particular sub- 
stance ; but I can show you something very beautiful and 
interesting, I will endeavour to show you by means 
of the cl(‘ctri(; lamp the spectrum of metallic (;op})er. 1 

will take a small piece of metallic (jopper and volatilize 
it, and tlieii you will see the gi-een bands indicative, of 
the presence of this metal. Hero you observe these 
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maguifioeut green bands, which are characteristic of 
copper; but when we examine the copper spai'k by throw- 
ing tlie image into the eye, we get a much more splendid 
effect, and see the way to a far more delicate metliod of 
detecting the presence of cojjpcr. In the next place I 
will take another carbon pole, aud bring a small piece 
of zinc into it, and we shall see that zinc also gives its 
peculiar aud beautiful lines perfectly characteristic of this 
special metal. If we examine this light by means of 
an accurate spectroscope, these broad bands are seen to 
consist of masses of bright lines, each one as fine as the 
most gauzy spider's web. 

If I now take a mixture of zinc aud copper, such as 
brass, we shall not only get the lines of tlie zinc, but we 
shall also see the bright copper lines. I have put a small 
piece of brass on the polo, and when I inalco tlie contact, 
I shall volatilize this brass, and the result is a spectrum 
showing both the copper lines and the zinc lines. You 
wiU notice that what I have said with respect to the 
other metals, the alkaline caiths, holds good wdth this, — 
that the most volatile of the metals burn out first. Now 
we call still .sec the less volatile copper, but the zinc lilies 
have died away. In the same way I may show you tliat 
cadmium gives us a peculiiu* .set of lines. If we volatilize, 
some m<‘tallio cadmium, we .shall have a series of lines 
somewliat resemliliiig those of zinc., but not identical 
with them. There you observe three liaiids : these are 
the cjulmiiim lines, something perfectly characteristic 
and distinct. 

b’ox Talbot okserved these metallic lines in dune 1S3J, 
by deflagrating thin sheets of metal by ga,lvanism ; he 
says : “ Gold leaf and copper leaf each afforded a line 
spectrum exhibiting peculiar definite ra,ys. The effei.-l, of 
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zinc was still more interesting : I observed in this insfcuicc 
a strong red ray, three bluo rays, besides several more 
of other colours.” 

I will next show you the spectrum of silver. Here 
you observe those splendid green lines, and the beauti- 
ful purple lines in the distance : the latter are only visible 
when you look at the most refrangible end for some 
time. Nothing, surely, can be more magnificent than 
these spectra ! These green lines are quite diftcrent in 
position and in character from the green copper lines. 
To exhibit that difference to you, I will put a bit of 
copper into this silver — which is chemically pure — and 
I tlnnk you will be able to see that we get the green 
copper lines distinctly arranged alongside of the silver 
lines. Thus, then, by means of the electric lain]), many 
of these, lines can be rendered visible, although to see 
others distinctly wo must employ a dclicatd spectroscope, 
and throw the light directly into the eye of tlie observer. 

By the examination of the spark spectrum e.hemists 
are now able to distinguish with the greatest ease between 
the rarest metals. We are able to detect the diflerence 
between erbium and yttrium, and didymium and lan- 
thanum — metals which resemble one anothc'r in their 
properties so closely that it is extremely diflicult to 
sepai'atc them from each other by ordinary chemical 
means. These substances all give (.listinct liiu's, and tlx* 
smallest quantity of any one of these substani'.es may be 
detected when mixed with the other ; and W(> thus get a 
decisive answer as to their prc.scnce. 

In order to examine with accuracy the s])ectni of the 
heavy metals an arrangement, repre.sented in Fig. ',i5, is 
necessary. This consists of a ])owerful induction coil 
used in eonjnnetiou with a delicate .spectroscope, such as 
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that used by Kii-chhofF (sec page 56), the end only of 
which is shown, in the figuvo. The light from the spaik 
falls on to the slit, and is refracted by passing through 
the prisms. 

For the pm*pose of intensifying the spark, the ends of 
the secondary coil are placed in contact with the coat- 
ings of a huge Leyden jar. The electrodes, also of course 
connected with the poles of the secondai'y coil, consist 
of the metals under examination, either in tlu* form of 
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wile, or o( irri'gular pieces held liy forci'ps on a iiiovi*- 
ablc stand. Many jirecautions nuisl be taken, especially 
with two sets of elect rodi's, as it has been found that 
cinieuts caused by the ra])id jiassage ol air betw(*(*u 
the ]ioles are sufficient to carry ov(‘r to a second s(^t 
of electrodes, ])la(a-d at a distance of a few inches, a 
very perceptible ([iiantity of the materials undergoing 
volatiimition. 

indebted to the laboui's of Professors Kircbbolf 
and Angstrom and Mr. Huggins for llu' most accurate 
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sets of maps of tlie metallic lines ■wliicli wc possoas. 
The positions of the metallic lines have been avrangccl by 
Kirchhoff with reference to the dark solar linos, whilst 
Huggins has used the bright air lines as a constant 
scale upon which to note the positions of the metal 
lines ; but both experimenters use an arbitrary scale of 
divisions by which the lines are designated. Owing to 
the very large number of the lines of each of the 
metals, very great care is needed in the discrimination of 
these spectra : still, when the eye has been trained, the 
detection of the individual metal is ppifcctly certain. 
The spectra of the following elements were mapped by 
Kirchhoff : — 

1. Sodium. 9. Stroutium. 17. Antimony. 25. Aluniiuinin, 

2. Calcium. 10. Cadmium. 18. Arsenic. 20. Load. 

3. Barium. 11. Nickel 19. Cerium. 27. Silver. 

4. Magnesium. 12. Cobalt. 20. Lanthanum. 28. Cold. 

.5. Iron. 13. Potassium. 21. Pidymium. 29. Ruthenium. 

C. Copper. 14. Rubidium. 22. Mercury. 30. Iridium. 

7. Zinc. 15. Lithium. 23. Silicon. 31. Platinum. 

8. Chromium. 10. Tin. 24 . Gluoinum. 32. Palladium. 

0 

Copies of Kirchhoffs and Angstrom’s maps are found 
in Plates III., IV., and V., facing Lecture V. ; and it 
copy of Huggins’ maps is given on Plates 1. and II., at 
the end of this Lecture. The Tables of reference to tlie 
spectrum of each metal are found in Appendix A. 

Tlie maps of two of the experimenters do not agroi* 
exactly with each other, because Kirclihoff altered the' 
position of his prisms several times during the monsure- 
ments, in order to bring the different rays as nearly as 
possible to the point of minimum deviation, whilst 
Huggins allowed. the position of his prisms to remain 
unaltered. The spectra of the following mi'tals have 
been drawn by Huggins : — 
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1. Sodium. 7. Thallium. 

2. Potassium. 8. Silver. 

3. Calcium, 9. Tolhirium. 

4. Barium. 10. Tin. 

5. Strontium. 11, Iron. 

6. Manganoso. 12. Cadmium. 


13. Antimony. 

14. Gold. 

IT). BiHinuth. 
IG. Movcury. 

17. Cohalt. 

18. ArRouic, 


19. Lead. 

20. Zinc. 

21. Ohrominm. 

22. Osmium, 

23. Palladium. 

24. Platinum.^ 


A very interesting fact is noticed hy Loth oLservers, 
namely, that several of the laight lines of different 
metals seem to coincide. When, however, these eases of 
apparent coincidence are narrowly observed, most of the 
lines are found to show real though slight differences of 
refrangibility. 

The following still remain as unresolved coincidences 
in Hnggins' map, and future experiments with help of 
higher magnifying powers must decide whether these and 
similar coincidences are real, or only apparent ; whe.thcr 
the lines in question really fall upon one anotlicr, or 
whether they only lie very close together : — 


ntViHION 

Zinc and Arsenic , . , 909 
Sodium and Load . . . 1000 
Sodium and Barium . , 1005 


niVIHION 

Tellurium and Nitrogen , 13GG 
Osmium and Arsenic . . 1737 
Cliromiiim and Nitrogen . 233G 


These six are then the only cases of coiiicidcn(*.o 
observed l)y Huggins in examining many hundreds of 
bright lilies of twenty-four elements, and even tlu^so 
may possibly disappear when investigated by a more 
powerful instrument. 

Now with regard to the effect of increase of tempe- 
rature upon the spectra of the mefails several interesting 
facts have been observed ; and, in the first place, let me 


^ Tlio lines of the following rarer metals have recently l)cen care- 
fully drawn by Thalon : glucinum, zirconium, erbium, yttrium, 
tborinum, uranium, titanium, tungsten, molybdenum, and vanadium. 
(Nova Acta Reg, Roc. Rc. ITpsal, Rer. ITT, vol. vi. 1808.) 
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remind you that new linos make their appcaraneo in 
the speetra of certain elements when the temperature is 
iuereased. "When, for instance, we heat lithium, eitlier 
the metal or its salts, in the electric are, wo obtain a 
splendid blue hand (see Fig. 36*), in addition to the red 
and orange rays, showing that the undulations in this 
particular set of vibrations have become more intense. 
The same phenomenon is observed in the case of the 
strontium spectram, wh(!ro no less than four now lines 
(e, «, and Fig. 36) make their appearance oai incivasing 
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the temperature of the incandescent vapoxir el’ the metal. 
The analogy between the production of the.se more highly 
refrangible rays and that of the overtones or harmonies 
of a vibrating string will occur to all. 

The second set of facts with regard to the effect of 
increased heat has reference to the changes which tlu^ 
spectra of compound bodies undergo when the tempcratni'e 
is iuereased. This change is clearly seen in the following 
experiments. Let us first put a piece of fused chloride, 
of calcium, a common lime salt, into the (‘.olourless ga.s 
flame; we observe a peculiar spectrum, which is re]n’e- 
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acntod roughly on thia diagram, in which the red is sup- 
posed to he on the. right and the blue on the left liand 
(Fig. 37, No. 1, and Frontispiece, No. S)). Tf, liowever, W(‘. 
now pass an elee.trie spark ovc'r some pieces of chloride 
of calcium, and then look at tlni coloui’od spark, wo find 
that the spee.trum thus obtained is not the same as that 
ohseiwed in the llaim*. Here you notice the diHereiice 
between these two speittra: the lower drawing gives you 
the spark spectrum and the u])per one what we may call 
the flame spectrum. This can he readily cx])lained. It 





is a wt'll-kiiown (act lliat certain chemical coinpouuds, 
wh(‘u th(‘y ar(! lica.te(l uj) above, a given teinperatun*, 
(lecomposfi into their constituent elements ; but that, 
below that teinperaturi*, these com]»ounds are capnbh'. 
of <‘xisting in a permanent state. When we once get 
the s]ia,ik s])e(!l.rum, W('. find tha.t no alteration in the 
intensity of the Hpa.rk tlnm alh'rs tlu' ])osition of those 
lines. Th(\ ])osi(ion of the red litliiuin line is never 
altered, although tin' blue liin^ comes out. It naturally 
strikes every oliservc'r that these bands seen in the flame 
spectrum are produced by a. conijtound of ciilciuni (say 
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the oxitlc or cliloiicle), which rcmiiiiia 1111(10001111)030(1 
at the tempcrattii'e of the flame. When we inevoaHo 
the tempemture, as in the spark spoctnim, wo got the 
true spectrum of tho inotal. The position of tlii'sc true, 
metallic lines never alters at all, although, owing to 
increased intensity in tho electric spark, ik'w lines may 
sometimes make their appeaxance. Hence we (lan fully 
rely upon the spccjtrum test as a proof of the presence 
of the particular metal. 

No such change in the character of the. spectra, is 
noticed in the case of those metals whose compounds are 
easily decomposed; thus we do not see any such phe- 
nomehon in the alkaline metals, although it is ohsi'm'd 
in tho case of barium, strontium, and calcium. Another 
fivit which beai-s out the truth of this oxphmatiou has 
been observed by Pluckcr, that in the ease of b()di('S 
whose spectra change from ba.iids to Hues on incri'ase 
of temperature, a veootftbiuatioii of tlio cleraeiits occurs 
on cooling, and the Ivand spcctnim of tlu' eompouiid 
reappears. Many other Oibseivations crowd upon us to 
convince us that conapoipid substaiuies capable of exist ing 
in the state of glowing gas yield spectra difh'rcnt from 
those of their constitueiit elements, dims the spectrum 
of tevchloride of phosphoims exhibits liiu's dilh'viug from 
those of either phosphorus or chlorine, and the chloride 
and iodide of copper each yields a distinct set of hands 
bearing no rcscmblaneo to the bright lines of tho metal. 

To give you a notion of the immense numbei’ of 
these lines, f should like to show you a drawing or two. 
And, in the first ])lac(', I Avill show you a drawing on 
the screen of Kirc.hhoff’s (Plat(‘s III, and IV. ])reccding 
IjC'cture V.). Professor Kirchholf was the first to ex- 
ainiiie. the exact, charaeder of these metallic lines, and 
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lie drew an accurate map, not only of tlicHis mctallii*. 
lines, but of the dark liiii's in tin* spec.trum of the huh ; 
and this is a copy of one. of his diiifp-'anis, to whiith 1 
would now briefly allude. The dark lines lu're ri'jiresent 
the dark linc.s in the sun. With those I have at ]>reHent 
nothing to do. Wo shall di'Vote our next lecture to a 
detailed discussion of this mo.st remarkable subject, 'fo- 
day I would simiily draw your altention to the short 
lines at the lower part of the diagram, which indicate, to 
us the position of the briglit metal liiu's with regard to 
tile fixed dark solar lines, these latter being taken as a 
sort of inch rule, by which the 2 )o.sition of t.he otlu'r lines 
are reckoned. Those lines which you see joined by a 
horizontal lino, and marked Fi* (for Kcrruin), are the iron 
lines ; and I beg you to notice Uk'. very large number and 
the very beautifully fine nature of these iron lines. ( )n 
Kirchhoff’s map each line is ac.com 2 >auie.d by a letter, 
Avliieh gives the chemical sjmibol of the clement to which 
this line belongs; hero an aluminium line, Inux' an anti- 
mony lino, hero a cahtium line, here again a number of 
iron lines connected togi'ther : and so 1 might go through 
all tlu'se diagranw, showing the number of lines whicli 
Kirc.hhofl' has ma.])p('d : and this for only a. small portion 
of the spec.trum. d’he oiu' (aid of this diagram is in the 
yellow, and th(' other end in the green, so that we have 
here, on this map, only a very, very small jiortion of the 
extent of the metal lines which would be visible. 

T would next ilhistrat.e t.his fact by showing you 
another beautiful drawing of these metal lines, made 
by our countryman, Mr. Huggins (see I’lates band II. 
at the (‘11(1 of this becture). 'Phis maji, which is cojiicd 
from Mr. Iluggims’ 2 >a])er in the Philosophical 'Pi ansnc.tions 
for iy()4, will give you an idea of the very great number 

L 2 
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of these metal lines. We have hero about twenty 
metals, and each pair of those hori;!ontal linos includes 
the spectrum of a particular mental. For iustanco, if 
we take silver, here is one line, hero three, hero two, 
here a number of other lines : thus we go on thi’imgh the, 
whole spectrum, and have altogether a great number of 
silver lines. On the right wo have the red end, on the 
left the blue cud of the spectnim, and at the top, for the 
sake of comparison, are the chief lines of the solar siieo- 
trum and the air lines. Now froni tins table you may 
form an idea of the large number of metal lines existing, 
and you will also see that the lines of any one metal do 
not coincide with those of any other. 

These lines are by no means all the peculiar rays 
which such highly heated metallic vapours emit, for 
Professor Stokes has shown that the bright sparks from 
poles of iron, aluminium, and magnesium give ofl' light 
of so higli a degree of refrangibility, that distiiuit bands 
arc situated at a distance beyond the last visible vioh't 
ray, ten times as gi’cat as the length of tlui whoh'. visible 
spectioira from red to violet I Tliese. bands (‘.annot of 
course be seen under oi’dinaiy (‘.ireunistances, but Avlieii 
allowed to fall on a fluorescent body, such as paper 
moistened by quinine sidution, they can easily be rioi- 
dered visible ; or we. may ])hot()graph (hem, and make 
them leave their impression on the sensitive film. In 
order that tlu'sc highly refrangible rays may b(i si'en, no 
glass lenses or prisms must he rrsed, as thesi', rays of 
high riifrangibility cannot jiass through glass : (|ua,rtz on 
the other hand jiermits them to piiss ; hene.oall the lenses 
and pri.sms must bo made of (juartz. 

In new and interesting subjects like those which now 
occupy our attention, tin* mind is very apl lo be I(‘d 
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awuy into speeulatious, wliich, however engrossiug they 
may prove, are foreign to the spirit of the exact scientific 
iiK|uircr. Such speculations might in this case have 
special reference to the possibility or probability of 
arrivLug by the help of the observations of the bright 
lines which bodies give us at some more intimate know- 
ledge of the composition of the so-called elements. We 
might speculate as to the connexion, for instance, between 
the wave-lengths of the various bright lines of the metal 
and the particular atomic weight of the substance ; or 
we might ask. Can we find out any relation between the 
spectra of the members of some well-known chemical 
family, as iodine, chlorine, and bromine, or between those 
of tlie alkaline metals, potassium, sodium, cicsium, and 
rubidium ? Such questions as these naturally occur to 
every one. At present, however, this subject is in such 
an undeveloped state, that such speculations are useless, 
because they nie premature, and the data are insufficient; 
but doubtless a time will come when those matters will 
be fully explained, and a future Newton will place on 
record a mathematical theoiy of the bright lines of the 
sp('(‘,lriim as a striking monument of the achievements of 
e.Xiie.t science. 

"riie no.xt point to which I would direct your atten- 
tion is one of a slightly dilferent kind. AVe find that 
certain substiinccs — not only gases, but Ihpiids, and even 
solid bodies — exert at the ordinary teinpe-rature of the 
air a selectiv'c absoiptiou power upon white light when 
it passes through them. In the next lecture 1 shall have 
oe.ca,siou to show you, in various ways, the absorptive 
('Ifect wliieh glowing sodium vapour oxcuts upon the 
particular kind of yellow light which sodium its(h‘ giv(‘s 
olf; hut T would now consider some cases of scleclivc 
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absorption occuia’ing at tbe orclinniy temperature, and. 
just indicate to you a most interesting and iui2)0)-liuit 
branch of tliia subject which has been, to a ccitain 
extent, worked out ; but in which a rie.h harvest of 
investigation still remains open. I refer to the absoiption 
spectra obtained by the examination of various coloured 
gases and liquids, especially of blood and other animal 
fluids. In the first place, then, it has long been known 
that certain bodies have at the ordinary tcmiierature the 
power of selecting a kind of light and absorbing it. In 
Fig. 38 we have a representation of the selective absorji- 
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tion exhibited \>y two coloured gases. No. 1 shows the 
dark bands seen when white light 2)aHse.s tlirough tlie 
violet vapours of iodine ; whilst No. 2 gives the bunds 
first observed by Brewster in red nitrous lumes. Woine 
coloured gases, such as chlorine, do not give any dark 
absoiption bauds. Perha2)8 the most striking insliuu'o 
of the foimation of these absoiption liue.s in the casi; of 
liquids is the one wliich I will now show you of this 
colourless solution of a salt of the rare metal didyiniiiin. 
Now this didymiura salt possesses the 2>ow('r of ahsorbing 
from white light certain definite rays, so lliat if I 2>htce 
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tlic solution in the path of our continuous spectrum we 
get a broad absorption band by which, tis Dr. Gladstone 
has shown, the presence of didymium can be recognised, 
when present even in very minute (quantities. It is very 
remarkalde that, although these didymium absorq)tion 
lines are so black, and serve as such a reliable test of the 
jiresenco of this metal, yet the fraction of the total liglit 
which is absorbed is so small that the solutioji appears 
colouiloss. From the recent cxq)eriincnts of Bunsen on 
this subject it seems that the various didyniium coni- 
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])oun(ls do not exhibit exactly the same, absoi'iition lines 
and if light is allowed to fall iipoii a eryslal, (lie dark 
bands also dill'er according to the. direction in which 
the light passe,s through (see Ap]iendi.\' (1). 

The. solutions of many othe.r coloured metallic salts 
jiossess a similar projiert.y of yi(dding de.finite absorjition 
liiu's, and Dr. Gladstone finds that with very few e.x- 
cejit.ions all tlni eoinqamnds of the same baH(‘, or acid, 
have the same, (‘.llect. on the. rays ol‘ light : thus the 
chromium salts (both green and purqih*) exhibit the sanu'. 
form of absoiption spectrum (Fig. th)). Fig. 4() shows tin', 
bands jiroduced by j)otas,«iun) pi'mianganate solution, 
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contained in a wedge-shaped vessel. The right hiuid cor- 
responds to the red end of the spectrum, and the letter’s 
refer to the position of Fraunhofer’s linos. The absorptive 
action of the solution is most powei'ful Jit the upper part 
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of each drawing, which represents the spectrum seen 
where the layer of solution was thickest, lurd diminishing 
towiu’ds the lower part of the figure. 

There are a variety of other substances which have 


DARK BAND IN MAGENTA. 



DARK BANDS IN BLOOD. 
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this selective power: thus here is llie absorption apoctruiii 
of chlorophyll, the green colouring matter of leaves, and 
here that of chloride of uranium. 

If I take a solution of lilood, and jihu'c llio cell 
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ftoutaiuiiig it before the slit, we get these distinct ahsoi'p- 
tion diu'k bauds, due to the presence of the blood (Fig. 
42). This is the red blood : deoxidized blood gives a 
different aiipearance. Here you see the two bands due 
to the red blood, whilst this portion of deoxidized blood 
gives only one black band, somewhat similar, but not 
identical in position with the djirk band in magenta 
which I now throw upon the screen. This subject has 
been examined by Pi-ofessor Stokes, who published a 



paper on the subje.ct in tlie Proci’edings of the Jloyal 
Society in 1 H()4. From this we leai n that “ the colouring 
matter of blood, like that of indigo, is cajiable of existing 
in two Stab'S of oxidation, distinguishable liya difference 
of colour and a fundamental dillereiKJO iu the ae.tion on 
the Hjiectruin.” These two foi-iiis may be made to pass 
one into the other by suitalilc oxidizing and reducing 
agents, and tlu'y have bei'ii termed red and jiurple 
cruoriiK' 
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I have here a drawing of Mr. Stoken’s diagram of the 
blood bands. At the top (Fig. 43, No. 1) you have the 
position of the two bands of the scarlet cruorine. The 
deoxidized blood is seen in No. 2 to have only one dark 
band. By the action of an acid on blood, the cruorine 
is converted into hsematin yielding a different absorption 
spectrum; and this hsematin is capable of reduction 
and oxidation like cruorine. The absorption liauds of 
htematin are represented in Nos. 3 and 4. 



One very interesting point to wliieli I must refer i.s 
the fact that the blood, when it eonlains veiy snnill 
quantities of carbonic oxide gas in solution, exliihils a 
vciy peculiar set of bands. And tlie jioisoning liy 
carbonic oxide— for, as is widl known, the jxiison of 
burning charcoal is due. to this cavlionie. oxide — can be, 
readily detected ly the peculiar l)a.nds which the blood 
containing carbonic oxide in solution (‘xhibits ; and hence, 
We haye these absorption lines coming out as a most 
Valuabh* aid in toxological researi'li. 
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I would only in conclusion refer you t<i tlio instrument 
by which aU these beautiful absorption phenomena can 
be observed witli delicacy and accuracy. It is simply 
a spectroscope placed in connexion with a microscope 
(Fig. 44). Hero we have the instrument.'’ The eyepiece 
contains prisms, so placed as to enable tlic refracted 
ray to pass in a straight line to the eye. Such spectro- 
scopes are termed direct-vision instruments. This (Fig. 
45) is a diagram showing the structure of the eyepiece 
which I hold in my hand. This is the first lens of the. 
eyepiece : here is the slit, for we must have a line of 



Fkj. i[). 

li’oht ill ()r(l('i* to gv-t a piiri'. Hpcc'triun. Tlirn tli(' light 
])asses through the. second huis, llie rays arc-; i-endered 
paralhd, and then they i)asH through this triple-, prism ; 
and incismuch as llui prisms arc*, placed in this position, 
we. see the siicctrum hy looking straight at the source 
of light, or have a direct-vision spectroscope.. In tbi.s 
way, then, the absorption lauids can he very beautilully 
seen; and, what is still more important, v'o can, by 
means of this little, moveable mirror, send through the 
])rism any kind of light, and pass the. particular ray which 

' W. Tlugtjins, “On tho I’Hmniilic. KxiuninnLion of Mic.i-oacoiiii’ 
( (Ti'iuiPi. Mii\ 10, lS<)r)). 
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we 'wish, to examiae aloug with tlie other light which 
comes from the object under the microscope, and so observe 
the two spectra, one above the other ; and thus it is that 
we can detect, for instance, the presence of blood. Sup- 
posing we wish to know whether a substance is blood 
which we have in solution : nothing is easier than to place 
a small quantity of the liquid supposed to be blood on 
the table of the microscope, and to bring a small quantity 
of blood in a tube, so as to compare the spectrum obtained 
from the body under examination with that of the body 
which we know is really blood. This instrument, which 
in the hands of Mr. Sorby has taught us how to detect 
TnW part of a grain of the red colouring matter in a blood- 
stain, is a most beautiful one, and the method of micro- 
scopic spectrum analysis must every year become a more 
and more trusted and valuable means of research iu 
medico-legal investigations. 

In the next lecture I hope to bring before you the 
simple facts upon which Professor Kirchhoff founded 
his discovery of the chemical composition of the solar 
atmosphere. 




Pi-ATB L— HtTGGIKS’ KAPS OP THE ICETALLTC LIHES. 




Plate II.— HrGGi::fS’ MAPS OP THE METALLIC LINES. 






LECTURE IV.— APPENDIX A. 


ON THE SPECTEA OF SOME OF THE CHEMICAL ELEMENTS. 
BY WILLIAM HUGGINS, Eh«q. F.B.A.S.i 


1. I have been engaged for some time, in aasociation with 
Professor W. A. Miller, in observing the spectra of the fixed stars. 
For the purpose of accurately determining the position of the 
stcdlar lines, and their possible coincidence with some of the bright 
lines of the terrestrial elements, I constructed an apparatus in 
which the spectrum of a star can he observed dir(‘.ctly with any 
desired spectrum. To carry out this comi)aris()n, we found no nin])9 
of the spectra of the chemical eUnuents that were e.onvenicMitly 
available. The minutely detailed and most ace, urate ina])R and 
tables of Kirchhofif were confined to a i)ortion of the Ri)t‘,ctnmi, 
and to some only of the elementary bodies; and in the mai)S of 
both the first and the second part of his investigations the ehnnents 
which ai‘e described are not all giviui with ocpial (‘.om])l('ieness 
in differcnit parts of the Rpe(itrum. Put tlu^se nia])s W(ire the h^ss 
available for our pur))o.se because^, Hine,e the bright liue.s of the 
inetala are laid down relatively to tlu' dark linea of the Rolar 
S])Cotrum, ih(*r(^ is soim*. uiu’.eiiainty in d(‘t(‘rmining their position 
at night., and also in (onunnstances when the solar Hpectrum 
cannot be eonv(‘,nie,ntly eoinpar(‘d simultaneously with tliem. 
Moreover, in conHe(iu(‘.ue(i of the dineaHuiei* in tlu^ dispersive 
power of priflins, and the uiieevtaiuty of their being ])lae(‘.d 
exactly at the same angles ndatively to the incident rays, 
tables of numbers ohiaimul with one instrument are not aloiK', 
sulHeieiit to (hto’inine lin(‘,s from their i)ositiou with any other 
instrument. 

It a])i)(‘ared to me, that a standard se.ale of eonqiarisoii such as 
was rc'quinMl, and wliieb, iinlik(‘, tin* solar s])eelnnn, would be 
^ IMiil. TnniH. 1S(51, p ISa. 
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ch the bright lines of the elements can be ref 
epectnini has also the great advantago of 1 )g 
3ther with the spectra of the bodies under i 
loiit any increased complication of apparatus. 

. The optical part of the apparatus eniploj^e 
irvatious consists of a spectroscope of six prisii 
s. The prisms were purchased of Mr. Brownii 
he Minories, and are similar in size and in qual 
bose furnished by him with the Gassiot spectrosc 
have a refracting angle of 45®. They increase i] 
collimator; their faces vary from 1*7 inch by 1*7 
L by 2 inches. 

he six dispersing prisms and one reflecting ] 
fully levelled, and the former adjusted at the 
imum deviation for the sodium line d. The ta^aii 
tlien enclosed in a case of mahogany, market 
ram (Fig. 46), having two openings, one for the 
collimator and the other for their emergence a 
L refracted by the prisms. These openings aiti c 
ters when the apparatus is not in use, By this a 
prisms have not recpiired cleansing from dust, 
stments are less liable to derangement. The c 
an achromatio ohject-glass by Ross of l’7r) incl 
of 10*5 inches focal length. The objocl-gln 
cope, which is of the same diameter, has a fooi, 
inches. The telescope moves along a divided ai 
^ed in the diagram c, The centixi of motion of th 
sarly under the centre of the 'last face of tlie 
eyepiece wus removed from the telescope, and 
lotion was so adjusted that the image of the i 
of the collimator, seen tlumigh the train of pvismj 
oximatively conceutric with the object-glass of th 
st the latter was moved through au extent of a 
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the visible spectrum. All the pencils emerging from tlie last 
prism, therefore, with the exception of those of the extreme re- 
frangible portion of the spectrum, are received nearly centrically 
on the object-glass of the telescope. Tlie total deviation of the 
light ill passing through the train of prisms is, for the ray n, 
about 198°. The interval from a to n corresponds to about 
21° 14 j' of arc upon the brass scale. 

3. The measuring pniij of the apj^nratus consists of an arc of 
brass, marked c in the figure, divided to intervals of 15", Tlie 
distance traversed by the telescope in passing from one to the 



otboT of the coin])ononis of the double sodium lino I) i 
measured by live divisions of 13" each. 'nicBo are road by a 
vernier. 

Attacbed to the ii‘]oseo])o is a wire micrometer by Dollond. 
This records sixty ])arts of one revolution of the screw for the 
inteiwal of the double sodium line. IVelve of these divisions 
of the micrometer, therefore, are equal to one division of the 
se.alo upon the are of brass. The micrometer 1ms a cross of 
strong wires ])lflc(sd at an angle of 45” nearly with the liiu*s of 
thi*. s])(^ctrum. Tlie iioint of intersection of these wdre^s may be 
brought upon the- line to 1)(‘. uicasured by the inicrnmeler screw" 
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or by a screw attached to the arm carrying the telescope. For 
the most part the observations were read off from the scale, and 
the micrometer has been only occasionally employed in the 
verification of the inejisures of small intervals. The sexagesimal 
readings of the scale, giving five divisions to the interval of the 
double line D, have been reduced to a decimal form, the units of 
which are intervals of 15'^; and these ari^ the numbers given in 
the Tables. An attempt was made to n^din^e the measures to 
the scale of Kirchhoff’s Tables, but the siicctra are not found 
to be superiiosable on his. This is due, in gimt paii:., probably 
to the prisms in bis observations having been varied in their 
adjustment for different parts of the spectrum. The eyepieces 
are of the positive form of construction. One, giving the power 
of IS, is by Dollond; the other, of about 35, is by Cook. 

4. The excellent performance of the apiiaratus is shown by 
the great distinctness and sepamtioii of the finer lines of the 
solar spectrum. All those mapped by Kirchhoff are luisily seen, 
and many others in addition to these. The whole spectrum is 
very distinct. The numerous fine lines between a and A are 
well defined. So also are the groujis of lines about and beyond 
0. H is seen, but with less distinctness. 

As, with the cxc(‘ption of the double potassium line near A, 
no lines have been observed h^ss refrangibh*. than a, tln^ mn])S 
and Tables commence willi the line a of the solar s[)Octrum and 
extend to IT. 

The observations an*, jirobably a little l(‘ss neeurnte and coin- 
])letc near the most refrangible limit. Owing to tin*, feebleness 
of the illumination of this ])art of the spectrum, tbo slit has 
to bn widened, and moreover, the cross wires being seen with 
ditficnlty, the bisection of a lim*, exactly is less certain. 

5. For all tlie observations the sjiark of an induction coil Inis 
boon ein])loyed. This coil has about fifteen miles of secondary 
wire, and was ex(*.ite<l by a batUny of (.Jrove/s construction, 
sometimes two, at others four cells liaving b(‘eii eini)loyed. 
Each of tliesG cells lias tbirty-tlirec square inches of acting 
surface of jdatinum. Willi two such cells the induction sjinrk 
is tlir(*e inclK^s in length. A condenser is conm'cU'.d with the 
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primary circuit, and in the secondary a battery of Leyden jars 
is introduced. Nine Leyden jars, the surface of each of 'which 
exposes 140 square inches of metallic coating, were employed. 
These are airanged in three batteries of three jars each, and the 
batteries are connected in polar series. 

The metals were held in the usual way with forceps. The 
nearness of the electrodes to each other, thoir distance from the 
slit, and the breadth of the latter were varied to obtain in each 
case the greatest distinctness. The amount of separation of the 
electrodes was always such that the metallic lines under 
observation extended across the spectrum. The two sets of 
discharging points were arranged in the circuit in series. 

G, Some delay was occasioned by the want of accordance of the 
earlier measures, though the apparatus had remained in one place 
and could have suffered no derangmeiit. Those dinereiices aa*e sup* 
posed to arise from the eflect ol* changes of teiuporaiiire upon the 
prisma and other i)ai’ts of the ap])araiua. This source of error co\dd 
not be met by a correction applied to the aero point of measure* 
ment, as the discordances observed corresponded, for the moat part, 
to au irregular shoiteniiig and elongation of the wliolo spccfcruim 

The principal air lines wore measured at one time of obsoiwing, 
during which there was satisfactory evidenco that the values of 
the measures had not sensibly altered ; and these iimnhers liavo 
been preserved as the llduoial ])oints of tlio scale of measures. 
Tlui lines of the spectra of the luetals have been refeired to the 
nearest standard air line, so that only this coiui)aratividy small 
interval has been liable to b(^ alfecled by dilhumices of 
teniporature. Upon these intervals the (dlect of such changi^s 
of temperature as the ai)paratus is liable to be subjected to is 
not, I believe, of sensible amount with the scah^ of nieasureineiit 
adopi(‘,d. Ordinarily, for the brightcir poriion of thu sj)ectnin), 
the width of the slit seldom (ixceeded -4 Jir hich : when this 
width had to he increased in consequence of the feebler illuiiiina- 
tioii towards the ends of the spectrum, the measure of the 
nearest air line as seen in the coinponnd spectrum was again 
taken, and the places of the lines of the metal umhn- obscawatiou 
were r(‘ckone(l r(‘Iativi'ly to this known lino. 

M 
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By this method of freq^uent reference to the principal air Hues 
the measures are not sensibly affected by the errors which might 
have been introduced from the shifting of the lines in absolute 
position in consequence of alleratiouB either in the width of the slit, 
in the place and direction of the discharge before the slit, or in the 
apparatus from variations of temperature, flexure, or other causes. 
The usual place of the electrodes was about ’7 inch from the 
slit, though occasionally they were brouglit nearer to the slit. 
When they are placed in such close proximity, the sparks charge 
the spectroscope by induction ; but the inconvenience of spax’ks 
striking from the eyepiece to the observer may ho prevented by 
placing the hand upon the apparatus, or putting the latter into 
metallic communication with the earth. 

The spectrum of comparison was received by rcllection from a 
prism placed in the usual manner over one-half of the slit. As 
the spectrum of the discharge between points of platinum, when 
these are not too close, is, with the exception of two or thrc(i 
easily recognised lines, a pure air spectrum, this was usually 
employed as a convenient spectrum of comparison for dis- 
tinguishing those lines in the compound spectrum which 
due to the particular metal employed as electrodes. Th(‘. 
measures, however, of all the lines, including those of the air 
spectrum itself, were invariably taken from the light roeeivcid 
into the instrument directly, and in no case has the ])osiiiou of 
a line been obtained by measures of it taken in the si)ectrum of 
the light reflected into the slit hy the prism. 

The measures of all the lines were taken moro than onc-e ; 
and when any discordance was observed between the diflercnt 
sets, the lines were again observed. The spectra of most of the 
metals were re-measured at different times of observing. In 
the measurement of the solar lines for their co-ordination with 
the standard air spectrum, the observations were repeated on 
several different occasions during the progress of the experiments. 
The line G of the solar table is the one so marked hy Kivchhoff.^ 
When no change in the instrument could he clctccic^d, the 
measures came out very closely accordant, for the most partidc’ii- 

^ Unterauditmgen ii. d. Sonnenspeetnim, 2 Theil, Tnf. iii. Berlin, 1863. 
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tical. The discordances due to small alterations in the instni- 
nicnt itself were never greater than 5 or C of the units oT measure- 
ment in the whole arc of 4,955 units. As the apparatus remained 
in one place free from all apparent derangement, these altera- 
tions are probably due to changes of temperature. The method 
(‘inploycd to eliminate these discordances has been described. 

Throughout tho whole of the bright portion of the spectrum 
the probable error of the measures of the narrow and w(‘-ll- 
defined linos does not, T believe, exceed one nnit of the scale. 

# * 

Notes to the Tables. 

Upon a re-exainination of the Tables I found that it frequently 
occurred that linos of two or more metals wore denoted by tlie 
same nunib(n\ It app(‘ai‘ed probable that tbeso lim‘s having a 
common luunber were not coincident, but only approximated in 
])osiliou within the limits of one unit of the scale employed; and 
besides, tliero might be small enurs of observation. 1 thevcilbre 
selected about (ifty of these gi’ou]>s of lines denoted l)y eominoii 
numbers, and compared the lines of each group, tho one witli tho 
oilier, by a simultaneous observation of tho diireront nielals to 
which they belong. Romo of the lines wore found to bo too 
faint and ill-defined to admit of being more accurately detonnined 
in position relatively to each other. 

Tlui following lin(*.s njipear with my instrument to l>e coincident: 
Zu, As llOi) Nn, Ik 1005 0, Ah 17:i7 

Nn, IM) 10(10 Tc, N ]3()() (^r, N 

(^f a much larger number of groups, the lim*s \Yere, by careful 
scrutiny, observcul to dillcr in position by very small quantities, 
convsponding for the most ])art to fractional parts of the unit of 
mcaauremont adopted in tb(‘. Tables. These are ; 
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The charactei of the lines la indicated os follows 
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From a to D. (Soe Plates I. and 11.) 
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Jj’rom 1) to E. (See Vlatea I. and II.) 
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APPENDIX B. 


OK THE EFFECT OP INCREASED TEMPERATURE UPON THE NATURE 
OF THE LIGHT EMITTED BY THE VAPOUR OF CERTAIN METALS 
' 0» METALLIC COMPOUNDS. 

BY H. E. ROSCOE AND R. B. CLlFTON.i 

In a letter cornmnidcated to the “PMlosopliical Magazine” for 
January last we stated that, in examining, with Steiuheil’s form 
Kirchhoff and Bunsen’s apparatus, the spectra i)ro(luced by 
passing the induction spark over beads of the chlorides and 
carbonates of lithium and strontium, we had obscivcd an 
apparent coincidence between the blue lithium line, which is 
seen only when the vapour of this metal is intensely heated, 
and the common blue strontium line called Sr S. We furilier 
stated that on investigating the subject more narrowly by tlio 
application of several prisms and a magnifying power of 40, 
we came to the conclusion that the lithium blue line was some- 
what more refrangible than the strontium S, but that two other 
more refrangible lines were observed to be coincident in both 
spectra. Having constructed a much more perfect instrument 
than we at that time possessed, we are now able to express a 
definite opinion on the subject, and beg to lay a short notice of 
our observations before the Society. Our instrument is in all 
essential respects similar to the magnificent apparatus em- 
ployed by Kirohliofif in his recent investigations on the solar 
spectrum and the spectra of the chemical elements. It consists 
of a horizontal plane cast-iron plate, upon which three of Stein- 
heil’s Munich prisms, each having a refracting angle of GO®, are 
placed; and of two tubes fixed into the plate, one being a 
telescope having a magnifying power of 40, moveable with a 
slow-motion screw about a veitical axis placed in the centre of 
^ Prop. Lit. Phil. Soc. MancliCHtcr, read A])ril 1, IStJ’J. 
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the plate, and the other being a tube carrying at one end the 
slit, furnished with micrometer screw, through which the beam 
of light passed, and at the other end an object-glass for the 
purpose of rendering the rays parallel. The luminous vapours 
of the metals under examination wore obtained by placing a 
bead of the chloride or other salt of the metal on a pliitimun 
wire, between two platinum electrodes, from wliich the spark of 
a powerful induction coil could be passed. In order to obtain* 
a more intense, and therefore a hotter, sjtek than can be got 
from the coil alone, the coatings of a Leyden jar were placed in 
connexion with electrodes of the secondary current respectively. 
When this arrangement was carefully adjusted, the two yellow 
sodium lines were observed to be so])aratod by an apparent 
interval of two millimetres, as seen at the least distance of 
distinct vision. 

The position of the blue line, or rather l)lue l)aiul, of litliiiiiii 
was then determined with ref(ireii(i(i to the lixt^l rellectiiig scale 
of Steinheirs instrument, by volatilizing the carbonate of lithium 
in the first place on a jdatiuuin wire between platinum elec- 
trodes, and secondly on a copper wire between copi)or electrodes. 
A bead of pure cldorido of strontium was then placed on now 
jDlatiimm and copper wires between two now platinum and 
copper electrodes, and the position of the blue line Sv 8 read off 
upon the same fixed scale: a dilfereuco of one division on the 
scale was seen to exist 1)etweon the ])OHitionsof tlie two lines, 
the lithium line being the inoin i*crmiigil)h\ Tlu* salts of the 
two metals were then placed bet weem the])()les at the same tiim‘, 
and both the l)luo lines were siimilt.aiu*()usly ,sei)arated l)y 
a space about equal to that sei)arating llu^ two sodium liii(‘.s. 
When experimenting with this comidetc instrument, we were 
nnahlo to observe any other bliu*. lines in the pure lithium H])ec- 
trum than the one above referred to : we have*., however, notic(ul 
the formation of four new violet lines in the intense strontium 
R])0.ctrum, and we now believe that the other two lithium lines 
mentioned in our letter to the “riiilosophical Magazine*.” arc causi‘d 
by the presence of the most minute trace*, of strontium ne)ating 
in tlie atmospliere, and eleu’ived from a jn'e^vions (^xpeM'iineiii. 
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We have convinced ourselves by numerous observations thatilio 
currents of air caused by tbe rapid passage of the electric spark 
between the electrodes are sufficient to cany over to a second 
set of electrodes placed at the distance of a few inches a very 
perceptible quantity of the materials undergoing volatilization. 
The greatest precautions must hence be taken when the spectra 
of two metals have to be compared ; and no separate observa- 
tions of the two spectra can be relied upon, unless one is made 
a considerable space of time after the other, and unless all the 
electrodes which have been once used are exchanged for new 
ones. 

Kirchhoff, in his interesting Memoir on the Solar Spectniin 
and the Spectra of the Chemical Elements,^ noticed in the case 
of the calcium spectrum that bright lines which were invisible 
at the temperature of the coal-gas flame became visible when 
the temperature of the incandescent vapour reached that of the 
intense electric spark. 

We have confirmed this observation of Kircliholf’s, ajul have 
extended it, inasmuch as we, in the first place, have noticed that 
a similar change occurs in the spectra of strontium and barium ; 
and, in the second place, that not only now lines appear at 
the high temperature of the intense spark, but that the broad 
bands, characteristic of the metal or metallic compound at the 
low temperature of the flame or weak spark, totally disa])pGar 
at the higher temperature. The new bright lines which sujiply 
the part of the broad bands are generally not coincident with 
any part of the hand, sometimes being less and sometimes more 
refrangible. Thus the broad baud in the flame spectrum of cal- 
cium named Ca ^ is replaced in the spectrum of the intense 
calcium spark by five fine green lines, all of which are l(‘ss 
refrangible than any part of the band Ca /3 ; whilst, in the place 
of the red or orange Ca a, three more refrangible rod or orange 
lines are seen (see Fig. 38). The total disappearance in the spark 
of a well-defined yellow band seen in the calcium spectrum at 
the lower temperature was strikingly evident. Wo have assured 

1 Kir(^off on tlio Solar Spoctnim, &c. Translated hy K. E. Koscoo. (Miu- 
miUan, Cambridge, 1862.) 
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ouraolves by repeated observations that, in like manner, the 
broad bands produced in the flame spectra of sirontiuin and 
barium compounds, and especially Sr a, Sr / 3 , Sr 7, Ba a, Ba / 3 , 
Ba 7, Ba 8, Ba e, Ba ?j, disappear entirely in the spectra of the 
intense spark, and that new bright non-coincident lines appear. 
The blue Sr 8 line does not alter either in intensity or hi position 
with alterations of temperature thus effected, but, as has already 
been stated, four new violet lines appear in the spectrum of 
strontium at the higher temperature. 

If, in the present incomplete condition of this most interesting 
branch of inquiry, we may be allowed to ex])ress an o] mi ion as 
to the possible cause of the phenomenon of the disappearance 
of the broad bands and the production of the bright lines, wo 
would suggest that, at the lower toini)evaturo of ilie llamo or 
weak s])ark, the spcetruin ohsevved is prodmu^l by the glowing 
vapour of some com])ound, ju’obably the oxidi*, ol' the dinicultly 
reducible metal ; whiuM^as at the cnonnouHly high tmnperaiuri'. 
of the intense electric si)ark these coini)(mnds are sjdit uj), and 
thus the true spectnim of the metal is ohiaiiuMl. 

In conclusion, wo may add that in iioin*, of the spoeXra of the 
more reducible alkaline metals (])otassium, sodium, lithium) can 
any deviation or disappearance of the maxima of light be noticed 
(m change of temperature. 


APPENDIX 0. 

ON TIIK SPKCTHA OK EIIHIITM AND DIDYMIITM, AND TIIKIR 
COMPOUNDS. 

Bunsen^ has shown that tlu‘, rare earth orbia is distinguisluul 
from all other known sul>,stanoos hy a ])eculiar 0])tical reaction 
of the gi’catest interest. This fiolid siibstancci when strongly 
healed in the non-luininona gas ilaine give.s a sp(M*lrum 
containing hrifjlil IhieHj which are so intense as to serve lor 
^ Ami. (‘li. IMmvni. <'x\\vii‘ ]> 1. 
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detecting this substance. This singular phenomenon does not 
however constitute any exception to the law of exchanges, for 
Bunsen has shown that the bands of maximum intensity in the 
emission spectrum of erbia coincide exactly in position with the 
bands of greatest darkness in the absorption spectrum. A 
similar inversion of the didymium absorption bands has also 
been observed by Bunsen.^ 

Some very interesting observations have also been made by 
Bunsen upon the absorption spectrum of didymium,^ from wliioli 
we leaiTi that the didymium spectrum, and also that of erbium, 
undergoes changes if examined by polarized light according 
as the ordinary or the extraordinary ray be allowed to pass 
through the crystal. These changes only become visible however 
when a powerful battery of prisms and a telescoi^e of high 
magnifying power are employed. According to the direction in 
which the ray of polarized hght is allowed to traverse tho 
crystal of didymium sulphate is the position of tho dark 
absorption bands found to vary ; whilst the hands produced by 
the solution of the salt in water are again dilforeut. Very 
remarkable are the small alterations in the position of the dark 
bands of the didymium salts, dependent upon tho nature of the 
compound in which the metal occurs. These changes are loo 
minute to be seen with a small spectroscope, but are distinctly 
visible in the larger instrument, The differences thus observcjtl 
in the absorption spectra of different didymium compounds 
cannot in our complete ignorance of any general theory for the 
absorption of light in media be connected with otlior phenoiiKina. 
They remind one of the slight gradual alteration in ])itcli which 
the notes from a vibrating elastic rod undergo wlion the rod is 
weighted, or of the change of tone which on organ-pi] >0 exhibits 
when the tube is lengthened.'*^ 


Ann. CIi. Phanii. cxxxi. p. 255 j Phil. Mag vol. xxviii. p, 24(5. 

* Phil. Mng. vol. xxxii. 1866, p. 177. 

Whi^t these pages are passing through tho press, an announcomoiit is luado by 
r. or y (Chemical News, xix. ]). 121) of the discovery of a new niobil, whoso 
presence is in mated by the appeoi'anco of peculiar (ih8oriMoiihaTi(:ls\iw\\ in ciu'Uun 
specimens of zmeon. The ahove-quoted obsoiwationfl of BiiiiHen W(»uld, liowovcji*, 
lead one to receive with caution conclufliona solely ivlying on tin* existence of new 
absorption hands. 
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DESCRIPTION OF THE SORBY-BUUWNING MICRO-SPECTROSCOPE. 

Tlie construction of tliis instrument is represented in Figs. 47 
and 48. The prism is contained in a small tube (ct), -wlncli can 
be removed at pleasure, and which is shown in section in 
Fig. 48. Below the prism is an achromatic eyepiece having 
an adjustable slit between the two lenses ; the upper lens being 
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furnished with a screw motion to focus the slit. A side slit 
capable of adjustment admits when ro(iuirod a second beam of 
light from any object whoso spoctruni it is dt‘.sired to compare 
with that of the object ])laced on the stage of the microscope. 
This second beam of light strik(‘s against a very small i)rism 
suitably placed inside the apparatus, and is rellected uj) through 
the comi)Ound prism, forming a spectrum in the same held with 
that obtained from the objc'ct on the stages. 

a is a brass tu])C carrying the compound direct-vision prism. 

N 
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6, a milled head, with screw motion to adjust the focus of the 
achromatic eye Jens. 

c, milled head, with screw motion to open or shut the slit 
vertically. ' Another screw at right angles to c, and which from 
its position could not be shown in the cut, regulates tlie slit 
horizontally. This screw has a larger head, and when once 
recognised cannot be mistaken for the other. • 

cl dj an apparatus for holding a small tube, in order that the 
spectrum given by its contents may be compared with that from 
any other object placed on the stage. 

e, a square-headed screw opening and shutting a slit to admit 
the quantity of light required to form the second spectrum. 
Light entering the round hole near e strikes against the riglit- 
augled prism which we have mentioned as being placed inside 
the apparatus, and is reflected up through the slit belonging to 
the compound prism. If any incandescent object is placed in \i 
suitable position with reference to the round hole, its spectruiii 
will be obtained, and will be seen on looking thmugh it. 

/ shows the position of the field lens of the eyepiece. 
g is a tube made to fit the microscope to which the inslnuiient 
is applied. To use this instrument, insert g like an eyei)iuc '0 
in the microscope tube, taking care that the slit at the top of the 
eyepiece is in the same direction as the slit below the prism. 
(Screw on to the microscope the object-glass required, and jdacc*. 
the object whose spectrum is to be viewed on the stage, llluini- 
uate with stage mirror if transparent, with mirror and LiebcrkUbii 
and darken weh if opaque, or by side-reflector bull’s eye, &(J. 
Remove a, and open the slit by means of the milled hetul, not 
shown in cut, but which is at right angles to d d. When the slit 
is sufficiently open, the rest of the apparatus acts like an ordi- 
nary eyepiece, and any object can be focussed in the usual way. 
Having focussed the object, replace rt, and gradually close the 
slit till a good spectrum is obtained. The spectrum will bo 
much improved by throwing the object a little out of focus. 

Every part of the spectrum differs a little from adjacent parts 
in refrangibility, and delicate bands or lines can only be brought, 
out by accurately focussing their own pai’ts of tlie spcclL’uuL. 
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This can be done by the milled head &. Disappointment will 
occui in any attempt at delicate investigation if this direction is 
not carefully attended to. 

When the spectra of very small objects are to be viewed, 
powers of from ^ inch to -^ih. or higher may be employed. The 
piismatic eyepiece is shown in section in Tig. 48. 
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Blood, madder, aniline red, permanganate of potash solution, 
are convenient substances to bogin experiments with. Solutions 
that are too strong are apt to give dark clouds instead of delicate 
absorption bands. 



LECTURE V. 


Foundation of Solar and Stellar Chemistry. — Examination of the Solar 
Spectrum. — Fraunhofer, 1814, — Kirchhoff, 1861. — ^Coincidence of 
Dark Solar Lines with Bright Metallic Lines. — Eoversion of the 
Bright Sodium Lines. — Kirchhoif’s Explanation. — Constituents of 
the Solar Atmosphere. — ^Physical Constitution of the Sun. — Planet 
and Moonlight 

Appendix A. — ^Lockyer^s and Janssen’s Discoveries respooting the Solar 
Prominences. Conclusion deduced therefrom. 

Appendix B. — ^Extracts from the Eeport of the Council of the lloyal 
Astronomical Society to the 49th Annual General Meeting. 

Appendix C. — ^Angstrom, Becherches sur le Spectre normal du Soloil. 

We have in this lecture the somewliat roiTnicIablc ttxBk 
set before us of endeavouring to explain the gi'ouuds 
upon which Professor Kirchhoff concludes with ccrtaiuty, 
that in the solar atmosphere, at a distance of about 9 1 
millions of miles, substances such as iron, sodium, 
maguesium, and hydrogen, which we know well on this 
eaith, are present in a state of luminous gas. 

In beginning to consider this matter, wo shall, how- 
ever, do well to remember that the subject is still in its 
infancy ; that it is only within the last few years that wo 
have been at all acquainted with the chemistry of these 
distant bodies. We must not be surprised to find that 
some of our questions cannot be satisfactorily answered, 
and we may expect in several instances to meet with 
facts to which an explanation is still wanting. 

In the first lecture I pointed out to you that sunlight 
differs from the light given off by solid and liquid sub- 
stances, as well as from the light given off by gaseous 
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bodies. If wo were experimentiug witb sunlight now, 
and if I could throw the solar spectrum on to the screen, 
instead of this continuous spectrum of the incandescent 
carbon polos we should find that this bright band was 
cut up by a series of dark lines or shadows. 

These lines I mentioned to you were first discovered 
in 1814 by Fraunhofer — at least they were first carefully 
observed by him — and have since gone by the name of 
Fraunhofer’s lines. 

Fraunhofer measured the distances (see Fig. 12, p. 23) 
between these fixed lines, and he found that the distance 
from D to E, and from E to p, remained perfectly constant 
in the sunlight, that they are fixed lines which always 
appear in sunlight ; and, moreover, as I think I mentioned 
to you on a previous occasion, ho examined the light from 
the moon and from the planet Venus, and found that the 
same lines occur in moonlight and in planet-light^ which is 
simply refioctod sunlight, and he found that the relative 
distances between these linos wore the same in light from 
these three sources. He tlien examined the light from 
some fixed stars, from Sirius and others, and ho found 
that, although in some of these fixed stars some lines 
existed which occur in suidight, yet that other lines, 
always present in sunlight, arc absent from the light of 
the stars ; thus in Procyon and Capclla he saw two solar 
lines D, but other wcU-known solar lines were wanting. 

So long ago as 1814, Fraunhofer concluded that these 
lines were caused by some absorptive power exerted in 
the star or in the sun. 

The exact mapping of these lines becomes a matter of 
very great importance, and, since the time of Fraunhofer, 
the best maps which have^^been made of those solar lines 
are those of Kirchhofl'and Angstrom, Facsimile drawinerg 

O 
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of these maps are, "with the permission of the authors, 
given in Plates III, IV., and V. 

I will now project, by moans of the oxyhydrogen light, 
a photograph of one of the diagrams of Professor 
KirchhofF upon the screen, and show you tlio great 
number of lines existing in the solar spectrum (see Plate 
III. fae.ing this Loeture). This is the lino D in the 
yellow, which was noticed by Fraunhofer, and observed 
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by him to bo double. Thanks to the kindness of 
Mr. Browning, 1 have on the other end of the table a 
very beautiful instrument, which is so arranged that it 
enables me to show these double i> lines. Koverting 
again to the map wo see a great number of lines varying 
in intensity, in depth of shade, as well as in breadth : 
here wo come to e in the blue. I might in the same 
way show you that througliout the whole length of the 
spectrum similar groups of dark lines occur. From these 
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diagrams you will, however, foim an idea of the enormous 
number of these lines which exist in the solar spectrum. 

On Plate IV. you see the linos existing at the blue 
end of the spoctium, going up as far as o in the blue. 
Here you observe these dai’k linos, to which Fraunhofer 
gave the term a ; and between these wo have a very large 
number of lines mapped out with a very great degree of 
accuracy and care by Professor KirchhofF by means of his 
delicate spectroscope (Fig. 23, p. 5(i). 



60 . 


In Fig. 41) we have a representation of a still larger 
spectroscope made by Mr. Prowning, for Mr. Gaasiot, in 
which there are nine prisms, and in which tlio light is 
actually bent round more than 3(i0°, as is seen in Fig. 
50, giving a plan of the instrument and showing the path 
of the light through the prisms. With this we can se('. 
the D lines very beautifully doubled. To both these hirg(i 
instruments means of accurately meiusuring the; distane.es 
between any lines are attached. In KirchholF’s spectro- 
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scope a circular divided scale was used, fixed to tlie head 
of the micrometer screw by which the telescope was moved. 
The ^eyepiece was placed so that the cross wires made 
ang^s of 45“ with the dark lines : the point of intersection 
was then brought by means of the micrometer screw to 
coincide vdth each of these lines, and the divisions read 
off. A somewhat similar anangement is seen in the 
instrument shown in Fig. 49. 

Professor Kirchhoff did not draw the whole spectrum ; 
he only got as far as G. Since his time, some very 
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beautiful drawings have, however, been made by Angstrom, 
whose name I had to mention in the last lecture as 
having given us the first notion respecting the true con- 
stitution of the electric spark. In Plate V. you have a 
copy of Angstrom’s drawings made in Upsiila, which 
extend from G to H in the violet. I hope you will 
understand that these dark lines, betokening the absence 
of certain kinds of rays in the sunlight, not only exist in 
the visible portions of the spectrum, but also occur in 
the portions which contain the invisible heating and 
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chemically active rays, I cannot show you any of the 
lines which are found in the ultra-red portion of the 
spectrum, but I can show you those in ultra-violet. 
Thanks to the beautiful researches of Professor Stoker on 
fluorescence, these lines have become perfectly well kniVn 
(sQo Fig. 51). 

The diagram shows the effect produced on a film of 
sensitized collodion which was exposed to the action of 
these ultra-violet rays passing through quartz prisms. 
The shaded spaces indicate the positions in which the in- 
tensity of the rays is small ; they arc the Fraunhofer’s 
lines in the ultra-violet sunlight. You see that the lines 
stretch out a long way beyond the visible portion of the 
spectrum, or that to which the eye is ordinarily sensi- 
tive, ending somewhere near the line h. 

In order to point out to you the accuracy with which 
Professor Kirchhoff has drawn these very di&cult maps 
of the solar lines, I will show you a copy of a very 
interesting photograph made by Mr. Eutherford of Now 
York, who, as many present will be aware, has devoted 
himself with great success to astronomical photogi’aphy. 
Mr. Rutherford has photographed those portions of 
the solar spectrum which are csipablo of prodindiig a 
photographic image, for you will remember that it is 
only the blue and ulrfa-bluc rays which are capable 
of thus acting chemically. You see here (Fig. 52) a 
copy of one of Mr, Rutherford’s photographs comjjai'cd 
with Kirchhoff’s drawing : at the bottom is Ruther- 
ford’s photograph, and above is Kirchhoff’s drawing. 
Let us compare the two. In the photograph there is 
this line F, for instance, and you will sec that for every 
line Nature has drawn by means of the light itself 
there is a corresponding line in Kir<;hhofl”s map : this 
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win give you an idea of this philosopher’s extreme 
accuracy. 

When I first saw the photographs which Mr. Ruther- 
ford was good enough to send me, I really had some 
difficulty in bdieving that they had been photographed 
from the sun itself, so beautiluUy are they done, and so 
marvellously do they correspond with Kirchhoff ’s draw- 
ing ; but on a careful scrutiny you will find some slight 
differences between them, especially in the relative inten- 


(0 KmcHHOFFs Map, 
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sities of the two sets of lines. This is readily understood 
if we remember that the map represents the variations of 
light and shade as affecting Kirchhoff’s retina, whereas 
the photograph gives us the variations of the chomicially 
active rays, indicated by decomposition of silver salt and 
subsequent development of the image. 

Having fully mastered the facts concerning the 
composition of sunlight, I must now ask you to pass 
to the examination of the first of Edrchhoff’s dis- 
coveries by which the cause of these singular dark solar 
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lines is explained. So long ago as 1814 Fraunliofcr 
discovered that the dark lines D in tlie sunlight "were 
coincident with the bright sodinm lines. The fact of 
the coincidence of these lines is easily rendered visible if 
the solar spectrum is allowed to fall into the upper half 
of the field of our telescojie, while the sodium spectrum 
occupies the lower half. The bright lines produced by 
the metal, as fine as the finest spider's web, are then seen 
to be exact prolongations, as it were, of the corresponding 
solar lines. 

These facts, however, remained altogether ban’cn ■ of 
consequences, so far as regards the explanation of the 
phenomena, exe-cpt to the bold minds of Angstrom, 
Stokes, and William Thomson ; the last two of whom, 
combining the facts with an ill-understood experiment 
of Foucault’s made in 1849, foresaw the conclusion to 
which they must lead, and expressed an opinion which 
subsequent investigations have fully borne out. Clear 
light was, however, thrown upon the subject by 
Kirchhoff, in the autumn of 1859 .^ Wishing to test the 
accuracy of this asserted coincidoaice of the bright 
sodium lino aaid the dark solar lines with his very 
delicate iustrament. Professor Kirehlioff made the fol- 
lowing very remiukablc ex])enment, which is memorable 
as giving the key to the solution of the problem 
concerning the presoiieo of sodium and other metiUs in 
the sun. “ In order,” says Kii’chhotf, for I will now give 
bis own words, “to test in the most direct manner 
possible the frequently asserted fact of the coincidence 
of the sodium lines with the lines n, I obtained a 
tolerably bright solar spectrum, and brought a flame 

^ Berlin Aoad. Bwiclit. 1851), 05:2 \ PliiL Mag. J^'oiirth tSuricH, 
xix. 193, XX. 1. 
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coloured by sodium vapour in front of the slit. I then 
saw the dark lines D change into bright ones. The 
flame of a Bunsen’s lamp threw the bright sodium lines 
upon the solar spectrum with unexpected brilliancy. 
In order to find out the extent to which the intensity of 
the solar spectrum could be increased without impairing 
the distinctness of the sodium lines, I allowed the full 
sunlight to shine through the sodium flame, and to my 
astonishment I saw that the dark lines D appeared with 
an extraordinary degree of clearness. 

“ I then exchanged the sunlight for the Drummond’s 
or oxyhydrogen lime-light, which, like that of all 
incandescent sohd or liquid bodies, gives a spectium 
containing no dark lines. 

“ When this light was allowed to fall through a suitable 
flame coloured by common salt, darh linos were sc(>n in 
the spectrum in the position of the sodium lines. 

“The same phenomenon was observed if, instead of 
the mcandescent lime, a platinum wire was used, which 
being heated in a flame was brought to a tcmperatiu'c 
near its melting point by passing an electric current 
through it. The phenomenon in question is easUy ex- 
plained upon the supposition that the sodium flame 
absorbs rays of the same degree of refrangibility as those 
it emits, whilst it is perfectly transparent for all other 
rays.” 

Kirchhoff had in fact, as far as he had gone, lu’odiuiod 
artificial sunlight, because he had obtained the two double 
dark lines in his continuous spectrum. I will try to 
show the formation of the dark lines of the sodium : for 
this purpose we will again employ our electric lamj), and 
I win throw the continuous spectrum of the carbon 
points on to the screen, and then I will bring into the 
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lower carbon, which is shaped like a cup, a small quantity 
of metallic sodium ; and we shall thus see that the 
vapour of the sodium has the power of ahsorhiug the 
particular kind of light which it emits, and that in 
place of the bright sodium line we shall have a dark 
lino. There you observe the dark sodium line. As a 
further illustration I have hero a diagram (Fig. 53) repre- 
senting what is soon when we look at the spectrum of 
burning sodium with an instrument such as that which 
Kirchholf used. At the bottom (No. 2) wo have a draw- 
ing of the ordinary sodium spectrum, giving us these 



bright double, lines on a dark background, and al)ovo (No. 
1) wo see a drawing of the. spectrum of burning sodium. 
Instead of two hri(jht yellow lines, we here find w^c have 
two intensely hlack lim^s u])on a bright (‘.ontinuous spec- 
trum, the “ D ” light having been absorbed by the sodium 
vapour. The diflerenco between the intensities of the 
lights on each side of these lines and in that particular 
part where the linos fall is so great as to give an actual 
shadow, which we see as a black line. Then'- is a well- 
known experiment by which we cast a shadow with a lumi- 
nous object, such as a caudle flanu! : so here, although 
these black lines tu’c not wholly devoid of light, yet tlie 
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light is so much less intense than in the suirouncliug 
parts, that they appear black to us. 

I can illustrate this to you in another way. Here 
(!Pig. 54) we have a large sheet of non-luminous gas flame 
(66) buruing under a tall chimney (c), and the flame I can 
colour by sodium. In front of this I am going to ignite a 
flame of hydrogen (a), and I will also place in the hydro- 
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gen flame some sodium compound ; so that we shall have 
two sodium flames burning, one in front of the other. 
I want you to notice that the yellow rays passing from 
this large flame at the back through the hydrogen flame 
tinged with soda wiU. be absorbed, and that the outer rim 
of this hydrogen flame wiU appear dark ; in fact, it will 
look just as if the hydrogen flame was smoky, — as though 
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Avc liad a smoky candle burning in front of the large flame. 
There is no carbon in this flame to produce a smoky appear- 
ance. We shall have nothing but pure hydrogen burning. 
Wc will light our hydrogen here, but we must first make 
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our largo soda flame. This wo do by burning a liltlo 
sodium, tlic fumes of which I wsil't into tho flame'. Now 
you see the largo flamo is turiu'.d yellow, and you will 
nolico that in front wc got a smoky flame. It is now very 
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distinct. If, instead of sodium, I next place some lithium 
in the flame, no black rim will appear. We shall get the 
red colour of the lithium flame, but it will not give us 
any black shadow, because it has no power of absorbing 
the yeUow light. Hence we conclude that the smoky 
appearance was really caused by the absorption of the 
yellow *‘d” light by the sodium vapour in a state of 
incandescence. 

Here is another most ingenious apparatus lately sent 
me by my friend Professor Bunsen, for exhibiting a con- 
stant black sodium flame absorbing the rays of the same 
degree of refrangibility as it emits. The little cap of 
yellow flame {d) which floats from the first burner in front 
of the larger yellow soda flame (p) absorbs the “ D ” rays, 
and in consequence we have the peculiar phenomenon of 
a constantly burning black sodium flame (Fig. 55). 

I can also show you in a third way the fact that 
sodium vapour is opaque to the light which it gives off. 
I have prepared a tube containing some sodium which 
I can convert into vapour. By heating the tube as I 
am doing, it will become filled with sodium vapour, and 
you will see that it is perfectly colourless and trans- 
parent when we look at it with the white sunlight ; but 
when we look at it with the yellow sodium light it will 
appear to be opaque. We shall then see tliat the tube 
containing the sodium vapour throws a dark shadow on 
the screen, [The Hghts were turned down, and the 
screen was illuminated with a yellow sodium flame.] 
Now the tube looks black ; we cannot see through it ; 
it throws a dark shadow. [Light was again admitted.] 
Now, by the daylight, it is colourless. This shows us, 
then, very distinctly, that the sodium vapour is opaque 
for the rays which itself can emit. 
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ThorougLly understanding, then, the nature of the 
phenomena with which we have to deal, let us follow 
Kirchhoff to the intoreatiug conclusions which he draws 
from this experiment. He states that from this fact it 
appears likely that glowing gases have the power of 
especially absorbing rays of the same degree of refran- 
gibility as those they emit ; and tliat therefore the 
spectrum of such a glowing gas can be reversed, or the 
bright lines turned into dark ones, when light of sufficient 
degree of intensity, giving a continuous spectrum, is 
piussed through it. This idea was further confirmed by 
substituting for the sodium flame the flame coloured 
by pofeissium, when ilnrk lines appeared in the exact 
position of the charactoriHti(* hvujht lines of this metal. 
Bunsen and Kirchhoff have likewise succeeded in 
I’eversing the flames of lithium, calcium, strontium, 
and barium; and Dr. Miller has also reversed some of 
the lines in the spectrum of copper. T can here show 
you the reversal of the red lithium line on the screen. 
For this purpose I bring on to the carbon polo of the 
lamp some salt of lithium, together with a piece of 
metallic sodium. ^J’hc sodium will reduce the lithium 
salt to the metallic state, and 1 can then show you 
that wo have got not only a daiic sodium band, but 
a dark lithium band in the I'ed i)art of the spectrum. 
Now the reversed lines of both these metals are 
(dearly seen. 

Generalizing from these facts, Kirchholf has arrived, by 
llie help of theoretical considerations whmh I am unable 
now to lay belbre you, at a law, previously partially 
enunciated by Prevost of Geneva and by Prevostaye and 
Dcssains in France, and extended by Dr. Balfour Htewart 
in this country, whi(di ('xjm'sses the relation between (In* 
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amount of heat which a body receives and that which it 
emits. This law has been called the laio of exchanges. It 
asserts that the relation between the amount of heat 
emitted and that which is absorbed at any given temj^e- 
rature remains constant for all bodies; and that the 
greater the amount of heat emitted, tlie greater must be 
the amount of heat absorbed. Kirchhoflf has proved that 
the same law holds good for light as wcU as for heat ; 
that it is as true of the luminous as of the heat-giving 
rays; and for rays of different kinds, if wo compare 
the same kind of rays : — for instance, if we comptiro 
red rays emitted with red rays absorbed, or yellow rays 
emitted with yellow rays absorbed. From tliis we sec 
that an incandescent gas which is giving off only ccitain 
kinds of light, — that is, whose power of emission is finite 
for light of certain definite degrees of refrangibility, — 
must have the power of absorbing those kinds of light, 
and those kinds only. This is what wo find to be the 
case with the luminous sodium vapour : it htis a very 
high power of emission for the “ n ” rays, and it has a 
proportionately high power of absorption for that kind of 
light ; but for it alone. And we sec that every substance 
which emits at a given temperature certain kinds of 
light must possess the power, at that same temperature, 
of absorbing the same kinds of light.^ 

We must remember, however, that the emissive Jiud 
absorptive powers of substances can only bo coinpjurcd 
at the same temperature. This is of very great im- 
portance, for it has been supposed that tlie law of 
ezchanges does not hold good, the compimson not 

^ Eeport on the Tlieory of Exchangee, by B. Stewart (Brit. Aasoc. 
1861); Kirehhofif on the History of the Analysis of tho Solar Atmo- 
sphere (Phil Mag. Eourth Series, vol. xxv. p. 25C). 
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having been mode at the same temperature. It must 
not be assumed that because the bright lines of the 
incandescent iodine spectrum, for instance, do not cor- 
respond to the dark absorption bands of the gas at a 
much lower temperature, therefore the law is faulty or 
incorrect. We must compare the lines at the same 
temperature. 

Now wo know that the same kind of law holds good 
with the other vibrations known to us — the vibrations of 
the air which we call sound. We arc all acquainted with 
what is called resonance. When we sing a particular 
note in the neighbourhood of a piano, that same note is 
returned to us. The particuhvr vibrating string which 
can emit that note luis the power also of absorbing 
vibrations of that particular kind, when proceeding in a 
straight line, and emitting them again in all directions. 
Wo are not, therefore, without analogy, in tlie case of 
sound, for the absorption and emission of the same kind 
of undulation by the same substanen. 

We will now pass to the application of this principle of 
the reversibility of die spectra of luminous gases to the 
foundation of a solar and stellar chemistiy. How docs 
this principle assist us in our knowledge*, of die consti- 
tution of the solar atmosphere ? 

In order to map and determine the positions of the 
bright lines found in the electric spcictra of the various 
metals, Kirchhoff, as I have already stated, employed the 
dark lines in the solar spectrum as his guides. Judge of 
his astonishment, whc'n he observed that daik solar lines 
occur in positions coincident with those, of all the l)rig]it 
iron lines ! Exactly as the sodium lines were identical 
with Fraunhofer’s lines J), so for each of the iron lines, 
of which Kirclihoff and Angsli'oni Jiave, mai)ped no less 
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than 460, a dark solar line was seen to coixespond. Not 
only had each iron line its dark representative in the solar 
spectrum, but the breadth and degree of shade of the two 
sets of lines wore seen to agree in the most pci’fect 
manner, the brightest iron lines corresponding to the 
darkest solar lines. 

To those who have not themselves witnessed this coin- 
cidence it is impossible to give an adequate idea, by 
words, of the effect produced on the beholder, when 
looking into the spectroscope he sees the coineddence of 
every one of perhaps a hundred of the iron lines with 
a dark representative in tlie sunlight, and the idea that 
iron is contained in the solar atmosphere flashes at once 
on his mind. 

These hundreds of coincidences cannot be the mere 
effect of chance; in other words, there must be some 
causal connexion between these dark solar lines and the 
bright iron linos. That this agi’eemeiit between them 
cannot be simply fortuitous is proved by Kirchhoff, who 
calculates — from the number of the obscivcd coined- 
dences, the distance between the several lines, and the 
degree of exactitude with which each coincidence can l)e 
determined — the fraction representing tlic chance or pro- 
bability that such a series of coincidences should occur 
without the two sets of lines having any common cause : 
this ffaction he flnds to be less than tttot) crinjTnri'TioDo o vo ot i 
or, in other words, it is practically certain that these line.s 
have a common cause. “ Hence this coincidence,” says 
Kirchhoff, “ must be produced by some cause ; and a 
cause can be assigned which afl’oi'ds a perfect explanation 
of the phenomenon. The observed phciiomonou may be 
explained by the supposition that the rays of light which 
form the solar spectrum have passed through the vapour 



LECT. V.] 


COINCIDENCES OF IRON LINES. 


197 


of iron, ami have thus suffered the absorption which the 
vapour of iron ni ust exert. 

“ As tliis is the only assignable cause of this coincidence, 
tlie supposition appeal's to be a necessary one. These 
iron vapours might bo contained cither in the atmosphere 
of tlic sun or in that of the earth. But it is not easy 
to understand how our atmosphere can contain such a 
quiuitity of iron vapour as would produce the very 
distinct absorption lines which wo see in the solar 
spectnim ; and this supposition is rendered still less 
probable by the fact that these lines do not appreciably 
alter when the sun approaches the hoi'izou. It docs not, 
on the otlier hand, seem at all unlikely, owing to tluj 
liigh tempcratm’o which we must suppose the sun’s 
atmosphere to possess, that such vapours should bo 
present in it. Hence the obscivatious of the solar 
spectrum appear to me to prove tlic presence of ii'on 
vapour in the solar atmosphere widi as great a dcgi'eo of 
certainty as we can Attain in any question of uaturul 
science.” This statement is, I believe, not one jot more 
positive than the facts warrant. For to what does any 
evidence in natural scieuc.o amount to, beyond the ex- 
pression of a probability ? A mineral sent to me from 
Now Zeidand is examined l)y our chemical teste, of whic.h 
I apply a certain number ; and these show mo tliat the 
mineral contains iron : and no om^ doubts that my con- 
clusion is coiTcct. Have wo, hoAvevc]*, in this case, proof 
positive that the body really is iron 1 May it not turn 
out to be a substance whic.h in those respects res<‘ml)]es, 
but in other respettts differs from, the body which wii 
designate as iron? Surely. All w(' can say is, that in 
each of the many comparisons whic.h wo, liave made llu^ 
properties of the two l)odies prove i<len(.iciil, and it 
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solely this identity of the properties which wo express 
when we call both of them iron. 

Exactly the same reasoning applies to the case of 
the existence of these metals in the snn. Of coume the 
metals present there, causing these dark lines, miy not 
be identical with those we have on earth ; but the 
evidence of their being the same is as strong and 
cogent as that which is brought to bear upon any 
other question of natural science, the truth of which 
is generally admitted. 

I do not think I can give you a more clear or succinct 
account of the development of this great discovery than 
by quoting from KirchhofTs admirable memoir the 
following passage : — “ As soon as the presence of om 
terrestrial element in the solar atmosphere was thus 
determined, and thereby the existence of a large number 
of Fraunhofer’s lines explained, it seemed reasonable to 
suppose that other terrestrial bodies occur there, and 
that, by exerting their absorptive power, they may cause 
the production of other Fraunhofer’s lines. For it is 
very probable that elementaiy bodies which occur in 
large quantities on the earth, and are likewise distin- 
guished by special bright lines in their spectra, will, like 
iron, be visible in the solar atmosphere. This is found 
to be the case with calcium, magnesium, and sodium. 
Th^e number of bright lines in the spectrum of each of 
these metals is indeed small, but those lines, as well 
as the dark lines in the solar spectrum with which they 
coincide, are so uncommonly distinct that the coincidence 
can be observed with great accuracy. In addition to 
this, the circumstance that these lines occur in groups 
renders the observation of the coincidence of these spectra 
more exact than is the case with those composed of 
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single lines. The lines produced by chromium, also, 
form a very characteristic group, which likewise coincides 
with a remarkable group of Ikaunhofer’s lines : hence I 
believe that I am justified in affirming the presence of 
chromium in the solar atmosphere. It appeared of great 
interest to determine whether the solar atmosphere 
contains nickel and cobalt, elements which invariably 
accompany iron in meteoric masses. The spectra of 
tliese metals, like that of iron, are distinguished by the 
large number of tlioir lines. But the lines of nickel, 
and stiU more those of cobalt, arc much less bright than the 
iron lines ; and I was therefore unable to observe their 
position with the same degree of accuracy with which I 
determined the position of the iron lines. All the 
brighter lines of nickel appear to coincide with dark solar 
lines; the same was observed with respect to some of 
the cobalt lines, but was not seen to be the case with 
other equally bright lines of this metal. From my 
own observations I consider that I am entitled to conclude 
that nickel is visible in the solar atmosphere. I do not, 
however, yet express an opinion as to the presence of 
cobalt. Barium, copper, and zinc appear to be present 
in the solar atmosphere, but only in small quantities ; the 
brightest of the lines of these metals correspond to 
distinct lines in the solar speetiaira, but the weaker lines 
are not noticeable. The reiuaining nu'tals which I have 
examined — viz. gold, silver, mercury, aluminium, cad- 
mium, tin, lead, antimony, arsenic, sti'ontium, and lithium 
— are according to my observation not viBil)lo in the 
solar atmosphere.” 

The lines of the following metals have their diuk 
representatives in the sunlight : — 
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L Sodium. 

2. Calcium. 

3. Barium. 

4. Magnesium. 


5. Iron. 

6. Chromium, 

7. Nickel. 

8. Copper. 


9. Zinc. 

10. Strontium. 

11. Cadmium. 

12. Cobalt. 


13. Hydrogen.^ 

14. Manganese. 

15. Aluminium.® 

16. Titanium.** 


The coiacidences in the case of some of these metals 
are not so numerous as with iron ; still they are so 
characteristic and distinct as to leave no doubt of tlie 
presence of these metals in the solar atmosphere. In 
the cases of cadmium, strontium, and cobalt, there 
may be some doubt, either because only a few coinci- 
dences have been observed, or because one or more pro- 
minent metal lines are not seen in the solar spectinm. 
The following metals appear to be either altogether 
absent, or present in a very small quantity in the solar 
atmosphere : — 


1. Gold. 

2. Silver. 

3. Mercuiy. 

4. Eubidium. 
6. CeBSLum. 


6. Potassium. 

7. Lead. 

8 Antimony. 

9. Arsenic. 

10. Lithium, 


11. Silicium. 

12. Clucinum. 

13. Cerium. 

14. Lanthanum. 

15. Didymium. 


16. Ruthenium. 

17. Iridium. 

18. pQlludium. 

19. Platinum. 

20. Thallium. 


I T^ill now show you these bright lines of some of the 
metals contained in the solar atmosphere. Here wc havc^ 
the green magnesium lines, and I can point out to )'’ou 

^ The conclusion that the lines o, p, and a ai*G duo to the absorption of 
hydrogen in the sun’s atmosphere, and are not caused by the prosonco 
of aqueous vapour in our own, is proved by the fact that in tlio spectra 
of certain stars these lines are altogether wanting. 

® Aluminium has been found by Angstrom to he contained in the 
solar atmosphere, and two of its lines form a portion of the solar 
hands h, 

® According to Thalen the metal titanium is also present in the 
solar atmosphere, giving lines which were formerly supposed to he diu^ 
to calcium. Of these no less than 170 have been seen to be coincident 
with dark lines in the solar Bpectnmi. 
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the (lark lines in the solar atmosphere which arc coinci- 
dent with thcie green lines. You see these two dsu-k 
lines on the u])])er part in the right hand corner (Plate 
IV. in Kirchhoff’s map) : those are the bands which 
Fraunhofer called h, and some of them at least are caused 
by magnesium. Hence you see that the h lines are caused 
by the presence, of ii'on and magnesium in the sohu* at- 
mosphere. 1 have writteui down here a short rhw/iC 
of Kii'chhotf’s experiments and reasoning on this 
subje((t. 

Scditim and Iron in tJir Sun’s Atmosphere. 

1. The light emitted by luminous sodium vapour is 
homogenous. The sodium spectrum eousisls of one 
double bright yellow line. 

2. This bright double sodium line is exactly coincident 
with Fraunhofer’s dtu’k double liiui n. 

3. The spectrum of a Drummond’s light is continuous ; 
it contains no dark lines or spaces. 

4. If between the prism and the Drummond’s light a 
soda flame be placed, a dark double lino identical with 
Fraunhofer’s double line jd is produced. 

5. If, instead of using Driuniuoiid’s light, we pass sun- 
light through the sodium flame, we sees that the line n 
boeomes much more di.«tinct than when sunlight alone is 
employed. 

G. The sodium flame has, therefore, tlu*. power of 
absorbing the same kind of rays as it emits. It is opiupie 
for the yellow “ i ) " rays. 

7. Hence we (ionc.lude that luminous sodium vapour 
in the sun’s atmosphere causes Fraunhofer’s dark double 
line. 1) ; the light given off from the sun’s body giving 
a. continuous spectrum. 
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8. Kirclxhoff found that each and all of the bright 
lines produced in the spectra of certain metals — ^for 
instance, of iron, magnesium, and chromium — coincide 
exactly -with dark lines in the solar spectrum. 

9. Hence it is certain that these bright metallic lines 
must be connected in some way with the dark solar lines. 

10. The connexion is as follows : each of the coinci- 
dent dark hnes in the solar spectrum is caused by the 
absorption effected in the solar atmosphere by the glow- 
ing vapour of that metal which gives the corresponding 
bright line. 

There are a great many very interesting points which 
I should like to show you with regard to Kirchhoff’s map. 
Here for instance is an extract from the tables which 
accompany these diagrams, complete copies of which are 
found at the end of this volume. You see in column 1 
the numbers representing the lines which refer to his 
arbitrary scale of millimetres on the top line of his 
drawing. In column 2 we have the thickness and dark- 
ness of the lines, represented respectively by letters, a to 
g, and by numbers, 1 to 6, a being the smallest and 1 the 
lightest ; whilst column 3 gives the metallic lines which 
are coincident with Certain solar lines. For instance, tho 
dark line numbered 1648'8 is coincident with a magnesium 
hue, 1627'2 with a calcium line, 1622'3 with an iron 
line. Here you see this one line 1653-7 belongs both to 
iron and to nickel, and 1655-6 is both an iron and a 
magnesium line. 

It is a singular fact that quite recently it has been 
noticed by Angstrom and Thalen that many of the lines 
which have been classed as calcium lines are really due 
to titanium. 
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BMrcLctfrom iht Index Table of Kirclihoff'e Maps^ eliowing the coincir 
dtncea of dark Solar and hriglU Metallic Liim, 
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Whether these apparently eoincident lines will prove to 
be absolutely identical is a matter which we cannot as 
yet decide. Kirchhoff thinks it is necessary, for the 
purpose of settling this question, to use a much more 
delicate apparatus than even that which he employed. 

Fraunhofer’s line n corresponds on Kirchlioff’s map to 
the lines 1002’8 and lOOG'S ; Fraimhofcr's E to the lines 
1523’'7 and 1522'7 ; and Fi’aunhofer’s b to the lines 
1633'4, 1648'3, and 1655'0. Kirchhoff observed the 
ti-accs of many lines and nebulous bands, which the 
power of even his instrument did not prove adequate to 
resolve. He adds : “ The resolution of these nebulous 
bands appears to mo to possess an interest similar to that 
of the resolution of the celestial nebulae, and the investi- 
gation of the solar spectrum to be of no less importance 
thiin the examination of the heavens themselves.” It is 
important to rcmai'k that it is by no means the case that 
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all the lines have been identified ; the cause of many of 
them is known, but a still greater number yet remain for 
identification. I may again remind you that the well- 
known double line d is caused by sodium, and, from the 
exact observations of Mr. Huggins, not only the line 
D but several other less distinct lines, seen on the Maps 
following Lecture IV., one lying neaiiy neutral between 
the D lines, are produced by sodium in the sun. The line B 
is an iron line, and the lines o, F, and o are hydrogen 
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lines ; the line 6 is a line of magnesium, and the line H 
®-Ppears from the researches of Angstrom to bo at any 
rate partly produced by calcium. Many, howovi*}', of the 
lines seen in the solar spectrum arc not due to the 
presence of metals in the sun, but are caused by tin*, 
absorptron occurring in our own atmosphere. 1'he 
existence of dark bands caused by atmospheric absorption 
was first pointed out by Brewster in 1833, and a map of 
these bauds was subsoiiuently published by 8ir David 
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Brewster and Dr. Glad- 
stone. Fig. 5G shows 
the chief of these linos 
compared with the so- 
lar lines and the bright 
lines of nitrogen and 
oxygen. 

Some very interest- 
ing experiments were 
made in 18(56 by the 
French physicist, M. 
Janssen : he has ob- 
s('rved that if light 
from 16 ji'ts of coal 
gas bo passed through 
a long column of steam 
37 metres in length, 
under a pressure of 7 
atmospheres, the steam 
exerts a strong absorp- 
tive power ; groui)8 of 
doih linos appeared in 
the spectrum between 
the extreme redand the 
liu 0 D. These lines are 
found to coincide with 
linos in the solar spec- 
trum which become in- 
tense when the sun is 
near the horizon, and 
are therefore duo to ab- 
sorption in the acpieous 
va|)Our of oni‘ own 
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atmosphere. An accurate map of the telluric lines quite 
recently published by Janssen between d and o is given 
in Fig. 57. The important results of his researches on 
this subject are (1) that Brewster’s dark bands are re- 
solved into fine lines comparable with Fraunhofer’s lines, 
and (2) that the terrestrial atmosphere produces in the 
spectrum a system of fine lines, so that the absorptive 
action exerted by our atmosphere is analogous to that of 
the sun in spite of the enormous difference of temperature. 
All the dark lines seen in the lower but not found in the 
upper spectrum (Fig. 57) have a telluric origin, and 
they have been designated by the Greek letters, and are 
classed in groups according to their position with regard 
to weU-known solar hues. 

I do not know that I can do better in conclusion than 
give you Professor Kirchhoff’s exact opinions on this 
subject, by reading a short extract from his chapter on 
the “Physical Constitution of the Sun.” “In order to 
explain,” he says, “ the occurrence of the dark lines in the 
solar spectrum, we must assume that the solar atmo- 
sphere encloses a luminous nucleus, producing a continuous 
spectrum,^ the brightness of which exceeds a certain limit. 
The most probable supposition which can bo mode re- 
specting the sun’s constitution is, that it consists of a 
solid or liquid nucleus heated to a temperature of the 
brightest whiteness, surrounded by an atmosphere of 
somewhat lower temperature. This supposition is in 
accordance with Laplace’s celebrated nebular theory 
respecting the formation of our planetary system. If 
the matter now concentrated in the several heavenly 

This contmuouB spectrum is most probably derived from incan- 
descent solids or liquids, but may, under certain conditions, be given 
off by luminous gases. 
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bodies existed ia former times as an extended and con- 
tinuous mass of vapour, by the contraction of which, sun, 
planets, and moons have been formed, all these bodies 
must necessarily possess mainly the same constitution. 
Geology teaches us that the earth once existed in a state 
of fusion ; and we arc compelled to admit that the same 
state of things has occurred in the other members of our 
solar system. The amount of cooling wliich the various 
heavenly bodies have undergone, in accordance witli 
the laws of radiation of heat, differs greatly, owing 
mainly to the difference in their masses. Thus, whilst 
the moon has become cooler than the earth, the tempera- 
ture of the surface of the sun has not yet sunk below a 
white heat Our ton’cstrial atmosphere, in which now so 
few elements are found, must have possessed, when the 
earth was in a state of fusion, a much more complicated 
composition, as it then contained all those substances 
which ore volatile at a white heat. The solar atmosphere 
at this time possesses a similar constitution.” 

I am almost aff'aid to allude to the physical pecu- 
liarities of the solar surface, but I must mention some 
remarkable results of the examination of the solar surface 
by Mr. James Nasmyth. Ho finds that the well-known 
mottled appearance of the sun’s surface is due to the pre- 
sence of peculiar wiUow-leaf-shaped masses, which are con- 
stantly moving with great velocity over the surface of the 
sun. The same phenomenon has also been observed by 
Mr. Stone of the Greenwich Observatory, and many other 
astronomers. What these arc no one I believe can tell. 

One most important series of obserwations we may all 
look forward to with the greatest interest ; namely, the 
observations about to be made in India during tlm totiil 
solar eclipse in August next. Ily the kindm'ss of the 
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emment astronomer, Mr. Do la Ruo, I have here (Figs. 58 
and* 5 9), photographs of the most interesting phenomena 



Fiu. 66. 


observed at the last total eclipse. This diagram is a copy 
of a photograph taken by him during the eclipse of 1800 
in Spain. 



I'm. oa 


The first one of these was tiiken immediately after 
total obscuration, and the second just previous to tlu' 
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reappearance of the sun. Now the extraordinary pheno- 
mena which are here noticed ai’e to he the subject of very 
important investigations in August. When an eclipse 
is tohilj so]ne wondci’ful protuberances or red flames are 
found to dart out from the surface of the sun to the 
enormous height of some 80,000 or 90,000 miles.^ The 
examination by the spectroscope of the light which these 
very singular flames give oft' is a matter whi(‘,h wo all 
must look forward to with the greatest interest. Spec- 
trt)Scop('.8 have been sent out to viuious parts of India 
under the ctu’c of veuy able ol)serve.rs, with particular 
instmetions as to the examination of the lines which 
these riames give off. Wlietln'r these flames are. gaseous, 
whether tiny give the Bjaic.tra of bright lines, aud, if so, 
with the lines of what subslancc's these are coincident, 
are questions to which wo may liope soon to have 
satisfactory answers. 

These flames prove that the sun’s atmosiflioro extends 
to a very great height above the ordinary aud visible 
portion, and it is very remjukable that certain protu- 
berances which were not visible to the naked eye even 
during a total eclipse, especially one which is like a cloud 
in the drawing, and was not seen by the. ol)Scrvcrs, left its 
mai'k on the sensitive fllin ; it c.mittcHl rays of a high de- 
gree of refraugibility, too weak to act upon thti retina, but 
strong enough to produce the image on the sensitive plate. 

In the next Icctui’c I shall hope to bring before you 
the most interesting and important researches made 
by Professor Miller and Mr. Huggins on the subjeett of 
Stellar Chemistry. 

' Aonording to Mr. I’ogHou’H jiioiwuroineiilH tho olovatioii of tho 
“groat horn” wob .t' 23" aliovo thu suii’h disc ; tliiR corros])ondH to a 
hinglit of 90,99.') niiloH (Baxeiidoll). 
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SPECTBOSCOPIO OBSERVATIONS OP THE SUN. 

SiNGlD this lecture was delivered an ohservaiioii lias lieon made 
with respect to the sun only second in interest and inipoviainic to 
the results of Kirchhoff’s celebrated discovery of the coincidence 
of the bright iron and dark solar lines and the revevsiil of the 
sodium spectrum. The stiiking nature of this disciovery is 
rendered more evident by its having been made indei>endently 
by two observers situated thousands of miles apart— by 
M. Janssen in India and Mr. Norman Lockyor in London. No 
less than two years ago^ Mr. Lockyer sngg(‘fllod that it might 
be possible by the use of the spectroscojie to obtain evidence of 
the presence of the red prominences which total eclipses have 
revealed to us in the solar atmosphei’e, although they os(‘apo all 
other means of observation at other times. After many fruitless 
attempts to realize his hopes, Mr. Lockyer at last succeeded, on 
October 20, 18G8, in obtaining the spectrum of a solar promi- 
nence ; and he thus announces his important observation to the 
Royal Society through Dr. Sharpey : — 

“ Sir, — I beg to anticipate a more detailed comnuinication by 
informing you that, after a number of failures, which made the 
attempt seem hopeless, I have this morning perftjctly succccnh'd 
in obtaining and observing part of the spectrum of a solar 
prominence. 

“As a result I have established the existence of throe bright 
lines in the following positions ; — 

“ I. Absolutely coincident with c. 

“ II. Nearly coincident with f. 

“ TIL Near i). 


^ Proc. Roy, Sor. Oct. 11, IRfifi 
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" TIio tbirtl lino (the one nofir d) is more rofrniigihlo than tlio 
two darkest linos hy eight or nine dc'grees of Kirclihoff’s scale. 
I cannot speak with cxuctuoss, os this i)art of the spectrum 
requires rciiiapping. 

“ I have evidence that the proini nonce was a very fine one. 

** The instrument employed is the solar spectroscope, the funds 
for the construction of which were su])plie.d by the Goveruuuuit 
Gmnt Ooininittec. It is to be regretted that its construction has 
been so long delayed. 

“ I liave, itc. 

“ J. hfoUMAN LoCKYKli. 

“ The Secretary of the, Royal Society.'* 

M. Janssen was sent hy tin* French (iovernniont to ohHt‘rv(‘ 
the total eclipse at Guutoor in India, and on August iHth, wluui 
examining the bright liiu'S cxhihiU'd hy tlu^ spc'ctra of the 
prominences visible during the totality, tin*, tliouglit struck liiiu 
that it might bo possible to se.e th{‘se. lines wluui th(‘, sun was 
unobscured, and on trying the (‘Xpcrinuuit on the next day he 
succeeded in his endeavour, "so that,” lu', writes, "for the last 
seventeen days I have been working as in a ])(*rpetual eclii)S(‘..” 
The results of his observations were coiiiiminicaled (( )(it. 2(), ISfiS) 
to the French Academy in the following words : — 

" La station do (luntoor a eU' sans doute la ])1uh favorisc^e : le 
ciel a et6 beau, surtout pendant la total ite, et in(*s ])uissant(‘s 
lunettes de pres do trois nuMres de foyer in’ont perinis de 
suivre rcHudo analytitiuc d('- tons Ics plahiouicnes d(‘, Icc-lipsc^. 

“ Immddiatemeut apn\s la totalitc, deux niagniliqm'S ])rotu- 
herancesont appai'U: rune d'elles, d(‘ ])lns de trois niiiintes de 
liauteur, brillait d’une sphunleur qu’il cst diilicile (rimagiiuu’. 
L’analyse de sa lamicb’c ni’a imniediatcmont montre (|u’(dln (Uait 
formde par une immense C(jlonne gazeuse incandcHccnte, princi- 
palement compos& de gaz hydrogene. 

“L’analysc d(*s regions eircumsolaire-s, m\ M. Kirchholf place* 
ratinosphtre solaire, n’a pas donne (h‘s rcsultats conrorines a la 
th^orie formulde par co ])hysicien illustrti; ccs resultals nu^ 
paraiasent devoir conduire fi la connaissamui de la veritalde 
constitution du spoctn* solaire. 

I’ 2 
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“ Mais le resultat le plus impovtaiit de ces oLsorvaiioiis est la 
d(icouvei'te d’une mdtliode, doiil le priiicipe fiit COU911 pendant 
r^olipse m6me, et qui perniet I’ctude des protubL^vances et des 
regions circumsolaircs en tout tein])s, sails (pi’il soit iidceasaire 
de recourir k rinterpositiou d’lin corps opaque devnut le disque 
dll soleil. Cette m^tliode est foiidde sur les propridtds spectrales 
de la lumifere des protubcSrances, luiui^jre qui se rdsout en un 
petit nombre de faiaceaux trfes-lumiueux, correspondont i\ des 
raies obscures du spectre solaire. 

“Dfes le lendemain de Teclipse la mdthode fut api)liquee avec 
Sliced, et j’ai pu assister aux pbcbom^ncs prdsentds par une 
nouvelle Eclipse qui a durd toute la jourude. Les protuberances 
de la veiUe 6taient profoiidemeut inodifidas. II restait k peine 
quelques traces de la grande protubdrance et la distribution de 
la matifere gazeuse dtait tout autre. 

“Depuis ce jour, jxisqu’au 4 septembre, j'ai coiistaniinent 
dtudid le soleil ce point de viic. J’ai dressd des cartes dos 
protuberances, qui montrent avec quelle rapiditd (aoiiveiit cii 
quelques minutes) ces immeiises masses gazeiises sc ddroriiient 
et se ddplacent. Enfin, pendant cette pdriode, qui a dtc coinme 
une dclipse de dix-sept jours, j’ai recueilli uii grand nombre de 
faits, qui s’offraient comme d’eux-inenies, sui- la cuiistituiioii 
physique du soleil. 

"‘Je suis beureux d^offrir ces resiiltats k rAcadeinio et au 
Bureau des Longitudes, pour repoiidre k la confiance (pii m’a did 
tdmoigude et k Thonneur qu*on ni’a fait on mo contiant colic 
importante missiom” 

The following abstract of Mr. Lockyer’s full paper to the 
Royal Society ^ gives the latest results of his observations, and 
clearly indicates the inipoi’tant additions to our knowledge of 
solar physics to which these researches will lead. 

" The author, after referring to his ineffectual attempts since 
1866 to observe the spectrum of the prominences with au 
instrument of small dispersive powers, gave an account of the 
delays which had impeded the construction of a larger one (the 
funds for which were supplied by the Government Grant 
^ Proc. Hoy. Soc. No. cvi. 1808. 
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Committee early in 1807), in order that llie coincidence in time 
between liis results and those obtained by the Indian ol)Servers 
might not be misinterpreted. 

Details are given of the observations made by the now 
inatniment, which was received incomplete on the IGth of 
October, These obseiwationa include the discovery, and exact 
determination of the lines, of the proiiiiiience spectrum on the 
20th of October, and of the fact that the prominences are merely 
local aggi'cgations of a gaseous medium which entirely envelopes 
the sun. The term ehromoq)heve is suggested for this envelo])c, 
in order to distinguish it from the cool absorbing atmosphere on 
the one hand, and from the white light-giving ph()tosphei‘eon the 
other. The possibility of variations in the thickness of this 
envelope is suggested, and the plu'uoimma pr(‘seiited by the star 
in Corona are hGIui'cmI to. 

“ Tt is stated that, under ])rop(‘r instriumMilal ami atiii()H])herie. 
conditions, the spectrum of the*, chromosphere is always visible 
in every part of the sun’s i)eriph(n*y : ils height, and th(i 
dimensions and shapes of several ])romin(*u(*-(‘s, obsmwed nt 
different times, are given in the ])a]>er. (Jne prominence, thiv.(‘. 
minutes high, was observed on the 2()th October. 

“Two of the lines coiTespond with Franiiliofuris c and F; 
another lies 8° or 9° (of Kirchholl’s scale) fi’om i) towards K. 
Tliero is another bright lino, wliieh oceasioiially makes its 
ap])earance near but slightly l(‘ss refrangilde than that line. 
It is remarked tliat the line near D lias no corresiionding lim» 
ordinarily visible in the solar spectrum. The author has been 
led by hia observations io ascrilx' great variation of brilliancy to 
the lines. On the Hth of Novemlx'r a iivoininence was observed 
in which the action was evideiiLly very iut(‘nsc; and on this 
occasion the light and e.olonr of the lino at F w(‘re most vivid. 
This was not ol)S(*rved all along tlio line visible in the (iehl of 
view of the instrument, but only at e.eriaiu parts of the liin*, 
which a])peared to widen out. 

“ The autlior points out that th(‘ lim* v invariably expamls (tlinl 
the hand of light ged-s wid(*-r ami wid(‘r) as the sun is ai)prna(*h(‘(l, 
and that the ci liiu* ami the J) lim* do not; Jiml In*, enlarges 
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upon the importance of this fact, taken in counexiou with the 
researches of Plucker, Hitorff, and Fraiiklaiul on the spectrum 
of hydrogen — stating at the same time that he is engaged in 
researches on gaseous spectra which, it is i)ossil)leJ will enahle us 
to determine the temperature and pressure at the surfaces of the 
chromosphere, and to give a full explanation of the vaiious 
colours of the prominences which have heen ohserved ut different 
times. 

“ The paper also refers to certain bright regions in the solar 
spectrum itself. 

Evidence is adduced to show that possibly a chromosphere is, 
under certain conditions, a regular pai*t of star economy ; and 
the onthui'st of the star in Corona is especially dwelt upon.” 

As regards the claims of priority of this discovery, all will 
feel inchned to agree with the following eloquent words of 
M. Faye when speaking on this subject in the French Acadamy 
on October 26, 1868 : — 

“Mais an lieu de chercher a, partager, et ])ar couaoqueut h. 
affalblir le mdrite de la d&ouverte, ne vaut-il ])iis iniuux en 
attiibuer indistinctenient rhonneur eutier ces deux lioiiimcs 
de science qui ont eii sdpardinent, a plusieurs millicrs dc lieues 
de distance, le bonhenr d’aborder rintangible et riuviaible i)ar la 
voie la plus ^tonnante peut-etre que le genie de robserviilion ait 
jamais congue ? 


As tliis work passes through the press, another great discuvciy 
is announced (ProaEoy. Soc. Feb. 11, 18()1)), by Mr. Huggins, 
who has devised a method by which the fonn of the solar 
prominences can be viewed witlioiit an eclipse, m that the 
investigation of the rapid changes which these flames undergo 
becomes now a simple matter of observation. 
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KXTKACTS KU()i\l TIIK UEPOUT OF THE C'()UN(^IL OK THE IlOYAE 
AHTUONOMICAL SOCIETY TO THE 49tli ANNUAL 
GENERAL MEETING. 

Sol(fr Eclijjsr of Auf/ifs/ IS, 

“ TliO^rcsults oblaiiiod l)y ilui dilVaiv.iil/ olhsorvovs aw. of aucli 
ini(Tosi and iinportanco tlial tlio |)riiK'i))al olisorvaiioiiH which 
would not otherwise appear ill our ‘ Tniusaciious’ are giv(Ui in 
cousideraUe detail in the ol)servors’ own words. 

“It is with groat satisfaction that the Council call tlui 
attention of the Fellows of the Society to the conii)letc succiess 
of their own oxiieditioii ; — a succ(\ss for which the Fellows 
are much indehled to the shill and eiun-gy of the Superin- 
tendent, Major Tennant. 

2V/r A,s/roii{Hnir((l >Shr/V///,s* ExjU'd iHon. 

“It will hi^ in the recollection of our ludlows that at tln^ 
last Anniv(‘rsary Meeting it was stated that preparations had 
heeii made at the recoininendai ion of the (^)uneil of our Soci<*ty 
for th(‘. ohservatioii of th(‘. Tolal Kelii)si‘, of the Sun in India. 
The AsirononuT l*oyal took a warm int(‘ri^st in the ])ropos(‘d 
ohscrvalions, and addressral the Secretary of Stal(‘ for India 
on tlui subject. It was ultimately arranged that tln^ (‘Xp(‘nse 
of the expedition should he horm* jointly l)y the (lovernnamt 
of India and th(^ Imperial (Jovi'rninent. Tin*. sup(‘nnt(‘ndenc(* 
of the (‘xpedilion was entrusl(‘d to Major T(‘niuinl. II is wilh 
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great satisfaction that the Council is able to announce that 
Major Tennant has been most deservedly and eminently 
successful 

“ The Eeport of Major Tennant’s observations is now in the 
hands of the Society, and it is intended that it shall appear in 
the forthcoming volume of the ' Transactions/ fully illustrated 
with facsimiles of the photographs taken at CJunioor, which it is 
proposed to enlarge photographically, in order that the details 
of the prominences may be seen more clearly than is possible 
in the small copies which accompany the paper. Mr. Do 
la Eue, who evinced considerable interest in the expedition, 
and afforded facilities to Major Tennant for familiarizing himself 
with astronomical photography before he staiijed, has undertaken 
to see that the photographs are pi*operly enlarged and coi)io(l. 

*^It is here proper to state that to Major I'eniiaiit is due the 
credit of having first called attention to the peculiarly favourable 
conditions which would be presented by the Solar Ec]ij)so of 
August 18C8.1 

“ It is only justice also to mention that, as far as regards the. 
part which England took in the observations, it -^aa mainly 
attributable to the energetic, active, and nniiring zeal of Major 
Tennant, who happened to be in England on leave during the 
greater part of 1867, and who devoted much time in promoting 
the obseiwations which, in spite of many difTiculties, have been 
so successfully undertaken and canled out. 

'' It will be recollected that Major Tennant, after consulting 
with the Astronomer Eoyal and other Fellows of the ►Society, 
undertook the following work. It was most coni])rtihenaivu, and 
entailed possibly almost too much respousibility for the director 
of a single expedition. 

The determination of the geogi‘aphic,al jmsition of the 
station. This was successfully accomplished by lueaiiH of a 
repeating circle, although, in consequence of bad wcitither, there 
were not many available days between the arrival of the ob- 
servers and instruments at Guntoor and the day of the eeli])sc>. 


^ Monthly Notices, vol. xwii. ])i). 7U, 174. 
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The position was found to be, Latitude K IG” \Y 29-23", and 
Longitude E. Oil. 21in. 48-()s. 

“Captain Ilranfill, RE., subsequently connected the station 
with the marks of the Great Trigonometrical Survey, and de- 
duced the following result: Lat. N. IG® 17' 34*3", and Long. E. 
6h. 21m. 46*53. 

“2. Spectroscopic Observations. These were undeiiiaken 
by Major Tennant himself, by moans of the Sheepshanks 
equatorial, of 4*G inch apei’turo and 5 feet focal length. This 
had been mounted equatorially by the late Mr. (Jooke, and was 
suitable for all latitudes in the Rritisli Isles, but it had to be 
altered to suit the more southcni stations of India. The spec- 
troscope employed with the teleaco])e was made by Messrs. 
Troughton and Simms, and was ]»rovided with a scale of 
equal ports, which w^as illuminated by m(*ans of a lain]). Tlu^ 
addition of this S]H‘.ctro.s(;o]m threw additional work on ilu* 
driving clock beyond that for which it was originally (uilcxilated, 
and, in consequence, some difliculties were oxi)erioneed just at 
the critical time of obsoi’vation from the iiTegularity of its going. 

“ In spite, however, of this and other mishaps, Major Tennant 
was able to carry oxit his observations, and ascertained, Ist, that 
the corona only gave the continuous solar apecLruni ; 2d, that 
the light of the proiiiiiKuiceH was resolvable into c(u*tain bright 
lines of definite luTrangibilily, showing that these*, appendag(^s 
consist of gaseous niatt(*r at a very high tein])erat-ur(*.. ^Major 
Tennant states that the (Jreat IForii gave a beautiful line in tlu^ 
red, a line in the orange, and oiu*. in tlu^ gnuni, which a])i)eared 
nmltiple, also a lino sc, on with dilliculty near k ; ho says tlui red 
and yellow lin(‘.s were evidently (J and i) : tin*, reading of tlu*, 
bright line coiiicid(‘,H with that of the brighUist line in b. Tlu^ 
line near to f was, in all i)robability, v ilH(^lf; he says, was 
certainly not setm by him, and that, as regards the line in th(* 
bliu*, it was us(‘less from his data to spee.uhite u])on it. 

“ We now hav(‘, mon*. ])ree.is(*. information from tin*, rescairi'lu's 
of M. Janssen and Mr. lioekvi'r r(*s])ei*ting tin* ]H)sili(»n of th(‘ 
bright lines, and tlui ])robabl(' nai-un* of tiu* Sun’s ai)))(‘iHlages ; 
l)Ut it must l)(*. admitted that INIajor Teiimuit did this part of his 
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work well, especially when tlie scope of llie iiislrumeiits at 
disposal is taken into account. 

Major Tennant noted the time of first contact of tlic 
Sim and Moon*s limbs by means of the repeating circle at 
6h. 2m. 12*G0s. sidereal time, and that of the last contact at 
8h. 47m. 24’G2s. sidereal time. 

“4. Polariscope. This part of the work was most ably 
performed by Captain Branfill, who joined Major Temiaixt 
early in August, and immediately set to work to familiarize 
himself with the phenomena produced by polarized light in the 
telescope. This insti’ument was one of tlio old collimators of 
the Great Transit circle of Greenwiiih, and was lent by the 
Astronomer Eoyal, It was mounted on a polar axis, so that 
with one movement it could bo made to follow the apparent 
motion of the Sun ; but it was not provided with a driving clock. 
To this telescope a polariscope eyeiiiece had been fitted by 
Mr. Ladd. The polarizing apparatus comprised sevcml com- 
binations which could readily and rapidly bo substituted one 
for the other. All these concurred in showing that the pro- 
minences (the Great Horn was chiefly observed) gave no indication 
of polarized light ; on the other hand, every arrangement brought 
out the fact that the light of the corona was polarized in a idane 
passing through the Sun’s centre. These observations were 
therefore fully and successfully carried out. 

5. We now come to the photogi’aphic observations; th(*se 
were under the immediate direction of Serg(*ant Ifliillips, who is 
not only a skilled photogi’apher, hut also had tlie advantage (as 
well as the Sappers who aided him) of working in Mr, Warrcui 
De la Bug’s observatory at Cranford. The telescope einjiloyed 
is a Newtonian with a silvored-glass mirror, 0 inches in 
diameter, by AVith, and s])ecially mounted by Mr. Ih’owniiig. 
Preparations had been made for having a very large field, in 
orderthat the corona might be depicted as well as thoproiniucnc(‘.s. 
Unfortunately the Sun was covered with eumulo-stratiis clouds, 
which diminished the actinic power of the light of the (koruna 
so much that it was not recorded. In other reHjXMlH tln^ 
photoglyphs (six in number) were eminently siieeussfiil. 
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“ Piipor copies of tlieso, about two iiicLes in diameter, 
accompany tlielieport; and Mr, James, one of Major TeiiiiaiiPs 
assistants, made excellent drawings of tlie Great Horn and 
other prominences seen in the iJiotograph, by means of the 
microscope. Since the arrival of the memoir Sergeant Phillips 
has brought safely to England eight sids of transparent eoi)ie8 
on glass, which have been distribut(‘d to individuals and learned 
bodies; amongst others, to the Iloyal Society and the EreneJi 
Academy of Sciences. Gn the oee-asiou of a led n re giv(‘n by 
Prof, llerschel, at the Uoyal Inslilulioii, on ilaiuiary 1^1^, tliese 
were shown by means of the electric, lamp, and projecUul on a 
screen, on a scale of about 5 feet for the Moon’s diamet(U‘. The 
amount of detail visible uiuhn* thesi*. circumstances was very 
remarkable. The spiral strueture of the Griuib Horn, to which 
Major Tennant has called atlenlion, was very evident. This 
spiral formation Major Tcmnant ase.ribes to the conlliction of an 
ascending curremt and one at right angh's to it. Since tlum 
Mr. Warren De la llm has ])rocure,d some*, very beautiful 
copies, about (IJ- indues dianu‘le.r. He has also discussed, 
graphically, the small ]>aper photographs, and communic-at(‘d 
the results to tlu*. Sochity.' Tlu‘. diagram ac.c-oinj)anying his 
])aper shows fairly the form and relalivt*. position of lh(‘se 
appendages with I’esja'ct to the Sun. ^Ir. Warren J)e la 
Hue thought tliai he had deleet(‘d a rotation of the Great Horn 
on its axis during tlui intervals ludweeu oee.uiTenco of totality 
at the various stations along tlu* line of the eclipse. Ih*. has 
since been favoured by Prof. Foi‘rsl(‘r, Director of the IUm'Hu 
O bservatory, with a eoj)y of tlii‘, lirst Aden ])b()tograph, and 
infurms the (\)uneil that then* does not appi'ar to he any very 


* Mdullily NoiicTs, vol. \\i\ p 73 
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great cliauge in the appearance of the Great Horn at Aden and 
at Guntoor. This comparison of results brings out forcibly the 
gi’eat value of photography for this class of observations, for the 
most careful and collected observer is liable to make an error 
in recording eye-observations. 

‘^In justice, however, to Col. Addison, whom Major Tennant 
had induced to make observations at Aden, it must be state<l 
that a drawing of the prominences which he sent to Major 
Tennant led that gentleman to conclude that no change had 
occurred in them between the e])Och of Aden and that of Guntoor. 

“Major Tennant reached Aden on the 2r)th of Januaiy : as 
this was nearly the first place where observations of the totality 
could be made, he enlisted the services of Captain Davis, the 
Peninsular and Oriental Company’s agent, and of an old com- 
panion, Major Napier, R.A. Both these gentlenicu promised 
their aid, and he learnt from them that Col. Addison and Major 
Weir, H.M, 2d Eoyal Eegiment, would be lik(*ly to be valuable 
coadjutors. Unfortunately, the contem] dated obsc'rvations wdili 
the polariscope, siDectroscope, and intended drfiwings of the 
corona were rendered impossible, in consequence of clouds. 
But the prominences were seen and recorded with gi’eat accuracy, 
as it has been before stated. 

“ Tlie Council have every reason to feel satisfied with the 
they took in conjunction with the Astronoima’ Eoyal in furtlKU’- 
ing Major Tennant’s views, and in thus securing a most valuable 
series of observations.” 

Lieut. J. Her sell eVs Aecunnl. Pusifiou, Jamkiouli. 

“The totality commenced unseen. ‘A few s(U‘.onds more, and 
the spectrum of diffuse light vanished also, and told me llu^ 
eclipse was total, hut behind a cloud. 1 went lo the (iiider, 
removed the dark glass, and waited, how long 1 cannot say, 
perhaps half a minute. Soon the cloud lmrri(‘d over, following 
the Moons direction, and therefore revealing, lirst, tin' upix'r 
limb, with its scintillating corona, and then the low(*r. Inwiantly 
I marked a prominence near the needle ])oint, an obj(‘(d so con- 
spicuous that I felt there was no need to take any prt'caulioiis to 
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rtecurti identification. It was a loiifr fingcr-liko projection from 
the (real) lower hdVliand ])oi’tiun oi’ the eircumfereiice. A ra]>id 
turn of the declination screw covered it with the needle point, 
and in anotlier instant 1 was at the spectroscope. A single glance, 
and the imddein was solved. 

“ — Three vivid lines, red, orange, hlue; no 
others, and no trace of a continuous spectrum. 

“ ‘ When I say the ])rol)lem was solved, 1 am, of course, using 
langung(i suited only to the excitenumt of the nionient I It was 
still very far from solved, and I lost no time in a])plying myself 
to ineasuroment. And here 1 lumilatc, for tin*, measurement was 
not effected with anything like the ease and certainty whi(‘.h 
ought to have been exhihitcal. Much may he attributed to haste 
and unsteadiness of hand, si-ill more the natural difficulty of 
measuring intermittent glimpses; but 1 am bound to confess 
that these caus(‘s were suj)])lem(‘nled by a. failure less excusable. 
I have no idea how thosi^ five minut(‘S jiassial so (piickly ! 
(Mouils were evidently passing continually, for the lin<‘s wiu’e 
only visible at intervals — not for one half the time certainly — 
and not always bright ; but still I ought to have measuri^d them 
all. My failure was insuflicient illuminating )K)wer ; but why, I 
cannot tell. 1 never exjioriiuiced any dilliculty of the kind with 
the nebulre, which rciiuired that 1 should (lash in light suddenly 
over and over again. T had found the hand-lamp tlu^ surest 
way, but it faihal mo lu'n*- in gnud measure. The red lino must 
have been leas vivid than llie orange, for aftm* a short attemjd 
to measure it I ])assed on to siauin*- tht'- lait(*r. In this I suc- 
ceeded to my satisfaction, and accordingly trie,d for the blue 
line. Here I was not so sucei^ssfiil. The glim])se.s of light were, 
mrer and fi^ebh'r, the line itself growing shorter, and what 
remained of it further from the cross. I did, howevi‘r, ])lac.e the 
cross wires in a position c(M’tainly very n(‘ar the true oms and 
got a reading heforii the re-illumination of the. field told im^ that 
the Sun had reap])(‘,ared on the other limh. These riMidings 
were e.alled out, as those*, on the solar liiu'S had h(*(‘ii, to my 
ree.order, and it was only afterwards that I i'om])ar(‘d tlaaii. 

“*T ne(‘d not dwi*ll on the* f(‘(‘ling.s of disli'(‘ss and disappoint- 
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ment whicli I cxiierienced on realizinfr the fact that the long- 
anticipated opportunity was gone, anil, as it scemod to me then, 
wasted. I seemed to have failed entirely. Almost mechanically 
I directed the telescope to the brightened limb, to verify the read- 
ings of the solar lines, and in doing so my interest was again 
awakened by the near coincidence, as it seimied, of tlie line F 
with the position of the wires ; hut a little reflection convinced 
me that the distance of the former was greater than the eiTor 
which I might have made in intersecting the blue line. I road 
F, and then n and a Tlie following were my readings up and 
down : — 


Before 

Bright linos 
After 


0 

T) 

1*91 

2 ’90 

1'90 

2*04 

1'93 

2-98 

1-92 

2*97 


[8*00] 

1-98 

3-00 


h 

F 

4-58 

trU 

4-58 

fi'Cl 

4-CO 

Cron 

4*58 

r)*«2 




a C5 


“ ' I consider that there can be no question that the orange 
line was identical with d,so far as the capacity of tlio instrument 
to establish any such identity is concerned. I also consider 
that the identity of the blue line with F is not cstahlished ; on 
the contrary, I believe that the former is less rofrac.ioil than F, 
hut not much. With regard to the red lino, I hesitatii very 
much in assigning an approximate place ; n and 0 represimt the 
limits : it might have been near 0 ; I doubt it being so far as B. 
I am not prepared to hazard any more definil-e o])ini()n about it. 
Its colour was a bright red. This estimate of its place is 
absolutely free from any reference to the origin of the lines n 
and F.’ 

“The spectrum of the corona does not a])pear to have hern 
specially examined.'' 


Lieut. CamjphclVs Rc>poH. 

The instruments in question were as follow : a telesc.opi*. of 
3-inch aperture, mounted on a rough double axis, admitting of 
motions in azimuth and altitude by hand only, unaid(‘d by any 
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ai)pliancG for clam])iug and slow motion. The telescope was 
])r()vidcd with throe eyepieces of magnifying powers 27, 41, 
and US ; and with it were furnished two analysers for polarized 
light, viz. a douhlo-iinago prism and a Savart’s polariscope. 

“ ‘ (.)u the lirst o'i)portiinity after the commencement of the 
toi-al pluiso of tlic eclipse I turned on the double-image prism 
with the eyepiece of 27 magnifying power, as recommended in 
the Tnstructioiis, which gave a field of about 45' diameter. A 
most decided difreronce of colour was at once a])parent between 
the two images of corona ; but I could not make certain of any 
such dilleivnce in the case of a remarkable horn-like protii- 
b(TancG, of a bright red colour, situated about 210® from 
the V(‘.rti^x, reckoned (as I liavo done in all cases) with reference 
to the actual, not the iiivcu’ted image, and with direct motion. 

I iluai removed the doubh'-iinnge prism and applied Savart’s 
])oliiviHc.ope, which gave, bands at rigid angles to a tangent to 
the limb, distinct, but not bright, and with little, if any, ai)penr- 
ane,e of colour. On turning the polariscope in its cell, the hands, 
inst(‘ad of appearing to revolve on their owm centre, passing 
thro\igh various phases of hrighliuiss, aiTangement, &c., travelled 
bodily along the limb, always at right angles thereto, and without 
much change in intensity, or any at all in arrangement. The 
point at which thc'y .seemed strongest was about 140® from the 
vevlox, and 1 recordcal tlauii as hlack c(‘utrcid. Bclie\dng tluit 
with a higher power and a smaller lield 1 should find it easier to 
fix my atieiitioii on oiu*- ])oiiit of th(‘, corona, and observe the 
phases (d the. l)ands at that point, T cliang(Ml (‘yc^pieces, ai>plyiiig 
tlmt of 41 powcT. With this (‘y(‘])icco the first clear instant 
showed the hands nnic.li hriglitcr than bedore, coloured, and as 
tangents to the limb at a point about 200° from the vertex : but 
before I could determiiu^ anything further a c.loud shut out the 
vi(iw, and a huv s(‘.cou(ls later a sudden rush of light told that 
tin* totality was ()V(‘,r, though it was difHcailt to helieve that fiv’'e 
minutes had flown by since its commcucemeiit. I cxperiencod 
a strong feeling of (lisapi)ointmeut and want of success; the 
only points on whi(*k I can spt'ak with any confidence being as 
IblhuvM : — 
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“ * (1) Wlieu using the douhle-iniage prism, the strong differ- 
ence of colour of the corona, and th(^ al)scuce of such difference 
in the case of the most proniiiient red flame. (2) With Savart’s 
polorisGope the hands from the corona were decided : with a low 
power they were wanting in intensity and colour : excepting 
alternate black and white, jnakuig it dillicidt to specify the 
nature of the centre : and their position was at right angles to 
the limb, extending over about 1^0° of the circunifercnce. When 
the polariscope was turned, the bands travelled bodily round the 
limb without other changes in position or arrangement, as if, 
indeed, they were revolving round the centre of the Sun as an 
axis. With a higher power, when a smaller portion of the 
corona was embraced, the bands were brighter-colom’ed, and 
seen in a different position, viz. tangents to the limb. 

" ‘ The appearance observed with a low power seems exactly 
what might be expected supposing the bands to be brightest at 
every point when at right angles to the limb, in which cose the 
bands growing into brightness at each succeeding point of the 
limb would distract attention from those fading iway at the 
points passed over as the analyser revolved.’ ” 


Important additions to our knowledge of the constitution of 
the sun are every day being made. Thus Padre Soechi has just 
communicated to the French Academy {Comptes 8 

mars, 1869, p. 580) the interesting observation that Ixttwecn the 
chromosphere and the luminous edge of the sun’s disc a layer 
of atmosphere exists which gives a continnonH spectrum. This 
observation is of great importance, as throwing a new light upon 
the constitution of the sun, and especially as rc'-gards the layer of 
atmosphere in which the reversal of tho bright motal liiu^s is 
effected. In another series of observations by Dr. Frankhind 
and Mr. Lockyer (Proc. Roy. Soc. Feb. 11, IBIiil), ])ronii.sing 
most important results, the atmospberic pressure operating in a 
prominence appears to have been ascertained by the varying 
thickness of the " f” line seen in the red flames. 



APPEKRIX C. 


ON THE NOEMAL SOLAE SPECTEUM. 

LY A. J. ANaSTIlUM.^ 


A most vnluablo memoir on the normal spectrum of tlie sun has 
quite recently been published by Professor Angstrom, of ITpsala, 
accompanied by an atlas of six plates exhibiting the lines in 
the wliolo length of the solar spectrum from A to it. The 
positions of these lines arc mapp(Ml according to th(‘ir wave- 
lengths, which have been calculakHl from obKcrvaiinns most 
carefully made with diffracliou sp(‘(ilra. The ])riglil niclidlic 
lines coincident with those of Fraunhofer ani also giv(‘ii. 'J1ie 
following Table gives a resume of the sulai* lines shown on luii 
maps as produced by Icnown elements : 


HUnHTANC'Kfl, 

NUMUKU 

MNKK. 

Hydrogon . . 

... 4 

Sodium . . . 

... 9 

liaviinn . . . 

... 11 

(-iiluium . . . 

. . . 75 

Mogupsium . . 

4 + 5 (0 

Aluminium . . 

. . 2(?) 

Iron . . . . 

. . 450 


SiniKT 

NtTMima OP 
hlNUK. 

MaiiganoKo , 

. . 57 

(Jhrouiiiim . 

. . 18 

(iolmlL . . . . 

. . 19 

JMmkel . . . . 

. . X] 

Ziim .... 

■ 3(?) 

(3opp(‘r . . . . 

. . 7 

Titanium . . . 

. IIH® 


Tlio total immher of tlic.se coincident nu'tallic. linos amounts 
to close upon MOO, and this numluir might be o-asily incimsed by 
using mon'. powerful means of raising the teinj)erature of the 
subsiun(u‘s niid(‘r (‘xaminatioii, “ Novertholess the num1)o<r alix^ady 
mapped sullhu's to show that to account for the origin of alino.st 
all tlio more prominent rays in the solar spec'.triiin, and in 


^ IT|is»ln, ISC.S. 

“ Tlic c»f tiiiiiiinin in lln* sotir jilnnK]ili(‘p* w.is 1)\ Tlinlri). 
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confirmation of an opinion expressed by mo in a former rosearcli, 
we must asanme that the substances constituting the chief mass 
of the sun are without doubt the same substances as exist on 
our planet. It must, however, not bo forgotten that nearly 
equidistant between f and a there exist certain prominent rays 
whose nature is as yet unknown : still any conclusions con- 
cerning the presence of substances in the sun which are 
unknown on the earth are certainly premature. We may 
nevertheless notice as a singular fact that one of the darkest of 
these unknown lines coincides with a prominent line in the 
spectrum of bromine ; but, as chlorine exliibits no coincidences 
with Fraunhofer’s lines, it is not likely that this correspondence 
is really due to bromine. 

‘‘Aluminium undoubtedly exhibits several bright lines ia 
various ports of the spectrum, hut the two lines situated between 
the two H hands are the only ones which have been observed to 
be coincident with Fraunhofer’s lines. To explain tliis singular 
fact it must he remembered that the violet rays of this metal 
are much the most intense. By observing the ultra-violet rays 
of this metal it will he possible to ascertain whether these two 
lines are caused by aluminium, as the ultra-violet hands ought 
to ‘coincide with the invisible dark lines in the chemically active 
portion of the solar spectrum.*’ 

“To the two zinc lines which I have indicated on luy map 
as coincident with dark solar lines I have to add a third ; but 
very broad and strong compared with tlic other two, and 
possessing a nebulous margin. This lino appears to exhibit no 
coincidence with the dark solar lines ; and hence I consider that 
the presence of zinc in the solar atmosphere is very doubtful. 
At the same time I may mention that there oi'e also three 
nebulous hands due to magnesium, none of wliich are seen in 
the sun, although the presence of this element in the solar 
atmosphere does not admit of a doubt. 

“Of all the elements, iron certainly contains the largest 
number of lines visible in the solar spectrum. The iron lines 
which are not symmetrically distributed throughout the spectrum 
exhibit two maxima; the one situated near e, and the other ii(»ar 
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G. Some of the iron lines appear to he coincident with those of 
calciun], hut such coincidences oi’e often only apparent. Thus, for 
example, there is a strong iron line between E and 6 (wave-length 
=522G^), which is drawn as a single line on both Kirchhott'’s 
maps and niy own. Nevertheless M. Thaldn has proved, by 
increasing the dispersive power of lus instrument by using six 
flint-glass prisma, that this ray is in reality a triple one, and that 
its constituent lines are produced, one by iron, and the others by 
titanium. 

Among the metalloids hydrogen is the only one indicated by 
spectinim analysis as existing in the sun ; the other substances, 
such as oxygen, nitrogen, and carbon, which exist in such large 
(quantities on the earth, can never be discovered in the sun by 
this process. Still, in sqnte of the almost coiiiidote. want of 
coincidences between the solar lines and those of oxygiai and 
nitrogen, we have no right to ])ronouncc delinitively uq)on the 
absence of these two bodies in the sun. And for this reason ; 
the an spectrum cannot be observed even between the carbon 
poles of a battery of fifty cells, and in general is not seen 
w'heu the electricity passes by what may be termed the elec- 
trolytic discharge. These spectra need for their production the 
disruptive discharge, as is seen clearly in the experiments with 
(}eissler’s tubes containing these tw^o gases. Jii fact, when the. 
discharge is aeconipanied by elecindysis, tlie sjaHii-va obtained in 
rarefied gases are tliose of comjnmnd hodi(‘H ; and thus Plucker is 
incorrect in naming tliese the spectra (d' the first onhu’ : on tlie 
contrary, when the discharge bec.oni(*s disrnj)live, as by using the 
condenser, the spectra of the elementary bodii's at onc.e b(‘.eoiiie 
visible. This fact i)()ssesHe.s a giH‘at degree} of iin])orlanee for the 
true interqwetation of tlie spec.tra of the sun and stars, as it 
points out to us as very qirobahle tliat the liigh tenijierature oi' 
the sun is insunieieiit to prodime the brilliant rays of oxygini 
and nitrogen 

“ In a lueniioir on the doulile spectra of the (dementary bodies, 
which M. Tlialcn and J arc} about to ])ubIiHh, we treat of the 
imiiurlani iioiiits of this intim'.sting sul)j(}ct. Led. it sunhu* for 

* TcMi-inilliontlis of li iiiilhnioln'. 

Q -2 
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me here to remark, that the results to which wo have arrived iu 
no way hear out the opinion of Pliicker, that one element can 
give totally different spectra. The exact reverse of this is the 
truth. By successively augmenting the temperature we find 
that the intensity of the rays varies in a most complicated 
manner, and that, accordingly, even new rays can make their 
appearance if the temperature is sufficiently raised. But inde- 
pendently of all these mutations the spectrum of each substance 
always preserves its individual character/^ 

SPECTRA OP THE AURORA BOREALIS AND OF THE ZODIACAL 

LIGHT. 

BY A. J. XNOftTRUM.l 

During the winter 1867-8 I have several times observed the 
spectrum of the luminous arc which bounds the dark circle, and 
is always seen iu feeble auroras. The light of this arc is 
almost monochromatic, and exhibits a single brilliant band, 
situated to the left of the well-known gi’oup of calcium lines. 
By measuring its distance from this gi’oup I have deloriuiiied its 
wave-length to be = 5567. In addition to this ray, of which 
the intensity is relatively high, I have also observed, by 
widening the slit, traces of three very feeble bands situated near 
to P. Another circumstance gives a greater, and indeed an 
almost cosmical, importance to this observation of the auroral 
spectrum. During the month of March 1867 I succeeded iu 
observing the same bright hand in the speetruin of the zodLacal 
light, which was at that time seen of great intensity. lnch‘.ed 
during a starlight night, when the sky was almost plioRplio- 
rescent, I found traces of this band visible from all parts of the 
heavens. It is a remarkable fact that this bright band does not 
coincide with any of the known rays of simple or compound 
gases which I have as yet examined.” 
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Stellar Chemistry. — Huggins and Miller. — Spectra of the Pixed Stars. 
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Appendix B. — “ On the Spectrum of Mars, with some Remarks on the 
Colour of that Planet.” 

Appendix C. — '‘On the Spectra of Variable Stars.” 

Appendix D. — “ Further Observations on the Spectra of some of the 
Stars and Hebulee, with an Attempt to detomine therefrom 
whether these Bodies are moving towards or from the Earth ; also 
Observations on the Spectra of the Sun and of Comet II. 1808.” 

In the last lecture I endeavoured to point out to you the 
principles upon which Professor Kirchhoff arrived at the 
remarkable conclusion that certain metals well known on 
earth are contained in the solar atmosphere. I have 
to-day to bring before you facts which are still more 
interesting, with regard to the chemical composition of 
the stars and the nebulae ; and if in the former lectures 
I had to couple the names of two great German philo- 
sophers, I have to-day to bring before your notice the 
researches of two distinguished Englishmen — Mr. Huggins 
and Dr. Miller — to whom wo ai’e indebted for almost all 
our knowledge of stellar chemistry. 

Although the moon and planets, sliiiiiiig l)y boiT0W(‘d 
liglit, do not reveal to the spectroscope the nature of the 
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material of which they are comi)()seil, like the smi mill 
stars, yet something may he learned hy the examination 
of the spectra of these bodies. You will renumiber that 
some of the dark lines in the solar speetnim are caused hy 
absorption in our own atmosphere : now if an atmosphere 
of a similar kind exist round the moon or planets, the 
atmospheric absorption lines must appear more, intense in 
the light reflected from these luminaries than they do in 
the light which passes through our air alone. With 
regard to the moon, the observations of Mr. Huggins ami 
Dr. Miller have been negative. No signs of a lunar at- 
mosphere presented themsclvc's. A still more delicate 
means of asceitaining whether the moon possesses on 
atmosphere was employed by Mr. Huggins. On January 
4th, 186.5, he observed the spci'trum of a star at the 
moment the dark edge of the moon passed over it. If 
an atmosphere existed in the moon, the observer would 
see the starlight by refraction after the occultatiou 
bad occurred — ^just as the setting sun is visible to us 
after it has actually disappeared below the horizon. 
The variously coloured rays arc, however, differently 
refrangible; and if any atmosphere cxistc-d round the 
moon, the red rays being least so wouhl die out 
soonest, and the spectrum of the star would bo seen 
progressively to diminish in intensity, beginning from 
the red end. Mr. Huggins observed nothing of thi,s 
kind, all the rays of the stellar spectrum disappearing 
simultaneously: and the conclusion must bo drawn 
that the moon is devoid of any appreciable atmospliiivo. 

In the spectrum of Jupiter lines are seen which 
indicate the existence of an absoiptivc ntmosiiliero. about 
this planet These lines pkiinly appeared when viowi'd 
simultaneously with the spectrum of the sky, wliicli at 
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the time of observation reflected tlie light of the setting 
sun. One strong band corresponds with some terrestrial 
atmospheric lines, and probably indicates the presence 
of vapours similar to those which float about the earth. 
Another band has no counterpart amongst the lines of 
absorption of our atmosphere, and tells us of some gas or 
vapour which does not exist in the earth’s atmosphere. 
From observations upon Saturn it appears probable that 
aqueous vapour exists in the atmosphere of this planet, 
as well as in that of Jupiter. In Venus no intensifying 
of the atmospheric lines could be observed; but some 
remarkable groups of lines, corresponding to those seen 
when the sun is low, were noticed on the more refran- 
gible side of the line " d,” in the Mai’s spectrum ; and 
these indicate the existence of matter similar to that 
occurring in our own atmosphere. The red colour which 
distinguishes this planet appears not to l)o caused by 
absorption in its atmosphere, as the light reflected from 
its polar regions is free from the ruddy tint peculiar to 
the other portions of the planet. Padre Sccchi tmd 
Janssen have likewise made similar observations, tuvd 
they also conclude that in all probability the vapour of 
water exists in the planetary atmospheres. 

I must now pass on to the subject proper of Ibis day’s 
discourse, which is to consider the properties of the light 
from the fixed stars. The more we learn about this 
subject, the more I think wo must be surprised at the 
accuracy of the observing powers of those philosophers 
who have given us this information. As Mr. Huggins 
says, “ We now irced not teach our ('liildren tliat little 
couplet of ‘Twinkle, twinkle, little slai- ; How I wonder 
what you arc!’ beeause we really know; w(* have, in 
place of wonder, knowledge ; for li-oin (lu* observalions 
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made witli the help of this beautiful instrument (a fac- 
simile of the one used by Mr. Huggins, Fig. 60) wc are 
in possession of facts respecting the composition of the 
atmosphere, and the physical constitution of those stars, 
as accurate as the knowledge wc possess coiiccniing the 
composition of the solar atmosphere. It would be 



Iia. uo. 


impossible for me to give you, oven if time pcmitted, 
an accurate description of the method employed by 
Mr. Huggins. (See Appendix A.) Suffice it to say, that at 
the end of his telescope he has placed this BpectroB('.ope, 
containing two prisms (h h ) ; and that, by very accurate 
adjustment, he is able to bring the image of the star 
on the slit of his spectroscope (d). You may imagine 
how difficult these observations arc, when you rcinombcr 
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tliat the light of tho star emanates from a point,— -t 1ml. 
is to say, tho stiir has no sensible ma.gnitu(le ; that the 
imago of the star has to l)e kept sU'ady u])on a slit 
only tlie ^ part of an inch in lu’cadth ; and, more- 
over, that tho effect of the earth’s motion lias to he 
counteracted. When you add to this, that the. amount 
of light which even the brightest stars give is exe.essive.ly 
feeble, that this line of light must ho still further 
weakened by being spread out by a (iylindrieal lens 
((i) into a band, and when you rememher that, in our 
climate on a few only of those nights in which the 
stars appear to the naked eye. to shine hrillia.nt.ly is the 
air steady enough to prevent the lliekering and eonrusion 
of tho spectra, fatal to those extremely delicate ohser- 
vations, I think you will easily understand how exceed- 
ing difficult these researches must have heen, and I am 
sure you will acknowledge tho debt of gratitude which 
tho world owes to those gentlemen who, by <levoled 
labours, have brought tho subject to this interesting 
issue. 

In order to got a knowledge of the chemical composi- 
tion of the stars, or to ascertain wha,t (diemieal elements 
are present in them, it is m!eeHsa.ry to use excessively 
delicate arrangements, by which not only the light IVom 
the star is allowed to pass through the prisms and to 
he received on tho retina, hut also that emitted by the 
various substances, the pr(‘sene.(( or ahseiie.e of which in 
tho .st(‘llar atmosphere, it is de.sired to as(‘erlain. 'I'la-se 
rays mu,st pass togethei- with the beam of starlight, or 
rather over or under the starlight, into tlu' eyepiece, 
through th(^ same, ])ri.sm, so that we may he able to 
e.omparo the. ]iosition ol the d;irl< lini's in the slelljir 
sp{!etruui with that of the bright. lme,s m the sped rum of 
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the body imder examination. For this pnrpoBo a veiy 
ingenious arrangement is attached to a part of the 
telescope-spectroscope. It consists of a moveable mirror 
(/), placed above the slit of the spccti’oscopc, by means 
of which the light of the spark passing from the metallic 
poles, held between metal holders, is reflected by the 
small prism (e) placed on the slit, into the optical 
arrangement, and is received into the eye, the metal 
spectrum being ranged close above that derived from the 
star ] BO that the coincidence or otherwise of the two sets 
of lines can be accm’ately observed. In this way alone 
is it possible to arrive at any trustworthy conclusion 
respecting the composition of the stars, and the existence 
of certain metals in i^e _.^tellar atmosphere. The first 
result which we have to«^btice, then, is that the spectra 
of various stars differ very widely indeed from one 
another. As I mentioned to you, Fraunhofer in the year 
1814 showed that the stellar spectiu wci’e not the same, 
and that they did not contain the same Ihics as the 
spectrum of the sun. I have hero coloured drawings 
which wiU indicate to you, to begin with, the different 
nature of these stellar spectra : but tlicsc drawings do 
not pretend to give the exact positions of the various 
lines in the spectra, but only approximately to repri'sent 
their general appetirance. 

Here (see Nos. 1 and 2 on the Chromolith. Plate 
facing this lecture), for example, is a picture of the 
spectra of the two stars composing ^ C!ygni, in each 
of which, as you see, the arrangement of the lines is 
totally different ; and moreover the aixtuigoment of the 
lines here is quite different from that of the lines in the 
solar spectrum. 

Mr. Huggins specially describes the spectra of twojiar- 
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of Aldebaran, and the lower of Betelgeux, the star known 
as a in the constellation of Orion. This cbiiwing is naacle 
on a similar plan to Kirchhoff's diagrams of the dark lines 
in the solar spectrum. The longer linos rej)rcscut the 
dark hands in the stellar spectrum, the shorter ones 
beneath represent the bright lines of the metals with 
which the star spectrum was compared, the symbols of 
the elements thus examined being added. In the first 
place, then, the result at which we have amved is that 
the constitution of the starhght, although not identical 
with the hght given off by the sun, is yet similar ; that 
is to say, the hght of a fixed star gives off a continuous 
spectrum, interspersed by dark shadows or bands ; and 
hence the conclusion we come to is that the physical 
constitution of the fixed stars is similar to that of our 
sun, that their light also emanates from intensely 
white-hot matter, and passes through an atmosphere of 
absorbent vapours — ^in fact, that the stars aj’o suns of 
different systems. We find, for instance, in those two 
particular stars to which I am now referring, the n lino 
caused by sodium exists : the three linos which wo know 
as 6 are produced by luminous vapour of magnesium. 
The lines of these substances exactly agree in position 
with the dark stellar lines : hence botli sodium and 
magnesium are present in the atmosphere of these far 
distant stars. We also find in Aldebaran that two 
hydrogen fines, c and f, are present; but if we look at 
the spectrum of a Orionis, we find that the hydrogen 
lines c and r are wanting. Hence we come to the con- 
clusion that hydrogen is present in the atmosphere of 
the sun and in that of Aldebaran, but that it is wanting 
in that of Betelgeux. And so I might show you that 
silver is not present in Aldebaran, nor seen in a Orionis, 
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but that four bright lines of calcium, also seen in the 
sun’s spectrum, are present in both stars. The lines 
observed in these two stars are at least seventy in num^ 
ber, and Mr. Huggins and Dr. Miller have found that in 
Aldebaran we have evidence of the presence of no less 
than nine elements : namely (1) hydrogen, giving the 
lines ‘C and f ; (2) the metal sodium, giving the double 
line D ; (3) magnesium, giving the lines 6 ; (4) calcium, 
giving four lines ; (5) iron, giving four lines, and b ; (6) 
bismuth, giving four lines (bismuth is not found in the 
sun)_j (7) tellurium, four lines; (8) antimony is also 
found, three lines ; and (9) mercury, four lines. Thus 
the element tellurium, whose name implies a purely 
earthly origin, is found in the star, although it docs 
not exist in the sun, and is very rare on this earth. 
There are only two stars — Betclgeux, to which I have 
just referred, and another star called Pegasi — in which 
the hydrogen lines are wanting : all the other stars 
contain hydrogen. 

We have, then, now arrived at a distinct understand- 
ing of the physical constitution of the fixed stars : they 
consist of a white-hot nucleus, giving off a continuous 
spectrum, surrounded by an ineandcHcent atmosphere, 
in which exist the absorbent vapours of the particular 
metals. These results are interesting, as bciuing on 
Laplace’s nebular theory, because tluy show that the 
visible urriverse is mainly composed of the same elenren- 
tary constituents, although certain of the stars differ 
from one another widely irr their chemical constitution. 

The next question to whic.h the attention of the 
obserwers was directed was the different eharactc'v of 
the light produced by tlu' star.s. It i.s well known lhat 
the stars are variously eohuired ; some shine with a bright 
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white light, others with a yellow light, others with a blue 
light. CoTild spectrum analysis give any explanation of 
the variety of colours exhibited by these different stars 1 
This is proved to be possible, as I shall show you by 
reference to some diagrams from Mr, Huggins’ drawings, 
for almost all I have to say to-day will be the result 
of his investigations. Here we have, in the first place, 
the spectrum of a white star*, of the star which we all 
well know as Sirius. Tn this coloured drawing (No. I-} 
on the Chromolith. facing the beginning of this lecture) 
we find a representation of what Mr. Huggins ob.sei’ved 
in the spectrum of Sirius : you will notice that wo 
have a continuous spectrum with dark lines, and we 
find that these dark linos or shadows arc interspersed 
pretty generally throughout the length of the spectram, 
so that, when all the light enters the eye at once, it 
produces upon the retina the effect of white light. 

We next take an orange-coloured star, known fus 
a Herculis, which is a double star. Here (C'.hromolith, 
No. 4) we have a totally different spectrum, and the. lines 
which are most marked in this spectrum ('.xist in the 
green, blue, and deep red. The light is comparativi-ly 
free from shadows in the yellow aiul orange portion ; 
and hence, the fight from the red, green, and blue 
portions of this star being weakened, the star shincis with 
a yellow fight. This, then, illustrates to us the expla- 
nation given by spectrum analysis of the cause of these, 
differently coloured stai's in the heavens. We hn.ve, how- 
ever, yet to loa.in the nature of the substances which 
produce many of these dark bands in the stellar spectra, 
and cause the peculiar colour which the star's exhil)it. 

Another very interesting jind well-known astrono- 
mical fact next attracts our attention, viz. tlie exist- 
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once of certain twin or double stars. It appears that 
amongst these twin stars, which invaiiably differ in 
colom*, the blue, green, and purple stare are faint 
telescopic stars, never found alone, but associated under 
the protection, as it were, of a brighter red or orange 
star. Does the same explanation which has been given 
of the variety of the differently coloured stars also apply 
to these double stars 1 

We have here (No. 2 on the Chromolith.) a diiigram 
of the combined spectra of the two double stars existing 
in )3 Cygni — above, the orange star ; below, the blue 
star. This one is orange because there are so many 
dai’k lines in the blue and red, whilst there ai'c none at 
all hi the orange portion of the spectrum. In the blue 
star, on the other himd, wo have a vast number of very 
&ao lines existing in the red and in the orange, and a 
much smaller number existing in the blue : hence the 
light of this star produces upon the retina the effect 
of blue light. Padre Secchi ^ observing under the clear 
skies of Eome has investigated the spectra of many hun- 
dred stars. He finds it possible to arrange aU these stai-s 
in four ginups, each cliiu-acterised by a special form of 
spectrum. Group 1 contains the white stars, Sirius, a 
Lyras, Vega, &c., whose spectra are especially characterised 
by four black lines, coincident with those of hydrogen. 
Group 2 consists of the yellow stars, having spectra 
intersected by numerous fine lures resembling those of 
our sun : in this group Secchi reckons Pollux, Capella, 7 
Aquila?., and our sun. The third gi'oup contains the red 
and orange stars, a Orionis, a Herculis, ^ Pegasi, &c., the 
spectra of which are divided into eight or ten parallel 
columnar clusters of alternate dark and bright bands, 

' Aatvonomiacho Naclu-iclitoii, .Ian. 2S, IKdil. 
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increasing in intensity towards tlie red. Group 4 is 
made up of the small red stars, whose spectra are distin- 
guished by a succession of three bright zones, increasing 
in mtensity towards the violet. Out of 316 stars 
examined Secchi found that 164 belonged to the first 
type and 140 to the second, whilst the few remaining 
constituted the third and fourth classes. 

A very interesting and remai’kable observation was 
made in the month of May 1866. AJl at once, in the 
constellation of the Northern Crown, a star which was 
entirely or almost entirely unknown, and which was at 
any rate a star of very email size, suddenly blazed out, 
and attained a magnitude almost equal to that of the 
largest stars seen in the heavens. Tlio examination of 
the spectrum of this particular star naturally excited the 
liveliest interest, and Mr. Huggins and Dr. Miller were 
fortunate enough to be able to investigate at frequent 
intervals this very remarkable phenomenon by means 
of Mr. Huggins’ spectroscope, and to their astonishment 
found that this star, of which I here show you a diagram 
(Chromolith. No. 6), differed altogether in its eharactor 
from the ordinary stellar spectra, inasmuch as superposed 
on, or in addition to, the ordinary stellar spectrum, 
which you see exhibited here (viz. one coiisisting of 
dark hues upon a bright ground), there were, in this 
particular star, bright lines. Now what do bright lines 
indicate? They indicate the presence of certain gaseous 
bodies ; and the result of the examination of the position 
of these particular bright lines 'wldch you see he,i‘(*. 
showed them to be coincident with the bright lines 
produced by hydrogen. 

As this star made its appearance suddenly, so it soon 
gradutdly began to diminish in brilliancy, and at last 
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died out, returniug, as it 'were, to its origiua! telescopic 
dimensions of about the tenth magnitude. How was this 
diminution of the brightness of the star to be explained ? 
The cause of the diminution was revealed to us by the 
B])ectroBCopc, inasmuch as these bright lines were found 
to dwindle and fade away, and it was observed after 
a lapse of twelve days, when the star had diminished 
in brilliancy from the second to the eighth magnitude, 
that these bright lines became quite invisible. I had the 
good fortune to see through Mr. Huggins’ telescope the 
very spectrum the drawing of which is now cast upon the 
scrcon. The lines when I happened to see them had, how- 
ever, nearly faded away ; but they were a t, ill visible. 
The. conclusion to which we must come with regard to 
this sudden outbumt is that it was probably due to a 
sudden conflagration of hydrogen ; that hydrogen gas was 
in some way in a state of ignition, either through some 
chemical or other change ; and that the existence of these 
briglit lines was due to the star being, so to speak, on fire.^ 
A similar sudden increase of light has been observed 


I Mr. JiiixeudolUs careful estmuites of tlie varying brightness of this 
star (Manch. Proc. ^ov. 27, 18GG) led him to conclude that the inten- 
sity of its light on August 20tli’, when it reached its minimum, was only 
,, part of that emitted at its maximum on May 12tlL From the 
recent obHcrvations of Lockyor and Janssen (see p. 210) we learn tliat 
the red promineiicoR in the sun are also caused hy glowing hydrogen, 
so that 'we have a now reason for believing that the sun may belong to 
the family of variable stars. The question at once suggests itself to 
tho mind, Could a simibir conllagration burst out in our system 1 Of 
the cirofts iliorti can be no doubt. The intensity of the sun’s rays being 
inc.roaaod nearly eight hundredfold, our solid globe would he dissipated 
in vaiiour almost as si)on as a droi) of water in a furnace. The tempera- 
1, in tho Hunliglit would risii at once to that only attainable in the 
iocuH of the largest hurniiig-glass, and all life on our planet would 
inslantly ceasc'. In thus specidating on such a possible termination to 
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in other stars, ^ and Padre Secchi, the Roman astronomer, 
has ascertained that several very small stars also exhibit 
bright bands, and therefore have a constitution similar 
to T Coronas ; but he has not ascertained the accurate 
position of these lines : and it is therefore only in the case 
of the star examined by Mr. Huggins that we ai‘e really 
able to indicate the possible cause of the phenomenon. 

It is interesting to notice that the spectra of fixed 
stars contain, hke the solar light, invisible chemiwilly 
active rays. The spectrum of Sirius has been photo- 
graphed by Mr. Huggins. The intensity of the light 
of this star is, according to the best measurements, 
the jjoouoVuuoo pa»rt of that of the sun, and although 
probably not leas in size than sixty of our suns, it is 
estimated to be at the enormous distance of more than 
130,000,000,000,000 miles; and yet even this immense 
distance does not prevent us registering the chemical 
intensity of the rays which left Sirius twenty-one years 
ago (Miller) : and Mr. Lockycr has recently shown that 
in the spectrum we have probably a means of deter- 
mining the atmospheric pressure in the last layer of its 
chromosphere. 

The next point to which Mr. Huggins directed his 
attention was the examination of those most intciustiiig 
and singular astronomical phenomena, the nebulie. The 
first nebula which Mr. Huggins examined witlr his spec- 
troscope was one of that class of lumuious bodies 
termed planetary nebulae, in the constellation Draco. 

our terrestirial history it must he woll undorstootl that llio iirohability 
of such an ovent occurring is undoubtedly inlinitoly fiinall, and that tlie 
researches of geologists do not lead us to suppose that any apiiroacli to 
such an occurrence has ever taken place in former geologic ages, 

^ See Appendix C. “ On Variable Stare.” 
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On tliG 20tli August, 1864, Mr. Huggins turned Iuh 
telescope on to this particular nebula. I am afraid 1 
cannot give you any idea of the delicacy of such observa- 
tions. Those, however, of my audience who have seen 
such a planetary nebula through a telescope will know 
that the light which those bodies give ojff is less than tlie 
light given off by perhaps even the smallest fixed star ; 
and the difficulty of obtaining a spectrum and of ex- 
amining the nature of this light is therefore exceedingly 
great. ^ What, however, was Mr. Huggins’ astonishment. 
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on bringing the image of this nebula on to tlu' slit ol' 
his spectroscope, to observe that he. no longer had to do 
with a class of bodies of the nature of stars ! — that instead 
of having a baud of light iutemee.tc'd by da,rk lines, indi- 
cating the. physical constitution of the body to ll(^ llial 
correspojuling to the stars, be. found tlie liglit from (his 
nebula consisted sim])ly of thns' isolated bright lines, of 
which we have here (F^’ig. G2, and in No. 7 of the dhronio- 
lith.) a very rough representation. If the spectrum of 

^ Mr. Lnckyer, in his adiiiimblo liltlo book on Aolroiiomy, gives an 
uloa of tho oxtroino faintnoss of tho intmi distant nebula’. “ The. light 
of Bomo of thoso visiblo in a uiodoraloly largo iiislrumont lias boon 
ostiinated to vary from y to aooiro of '>■ siiislo siiorm 

(uindlo consuming 168 grains of inatoi’inl por hour, viewed at a distanci' 
of a quarter of a milo ; that is, Huch a oandle a iiuartcr of a niilo off w 
;!(),()0() times mnru brilliant tlinu tho iiubula ! ” 
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tliifl nebula bad been continuous, it would have been 
very difficult to see it. It was only because the light 
given off consisted of three bright lines that he was 
enabled to examine this spectrum at all. You will 
have already anticipated me in the conclusion that 
these most curious bodies do not consist of a white-hot 
nucleus, enveloped in an atmosphere in passing through 
which the light is absorbed, giving us dark lines, but, 
on the contrary, that these nebulae are in the condi- 
tion of luminous gases, and that it really is nebulous 
matter with which we have here to do. 

The history of these nebulae is one into which T cannot 
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enter. You all know that the names of Hcrschel and of 
Rosse are associated with tlie most accurate and careful 
examination of these particular bodies, and that it is 
especially to the late Lord Rosse that wo ai’o indebted 
for the very careful examination, by means of his mag- 
nificent telescope, of these most singular bodies. It now 
became a matter of the very greatest interest to examine 
the character of the light given off by the other- nebula!. 
1 will indicate to you the appearance of some of these! 
nebulee, though veiy roughly, by means of the drawings. 
The nebula in Aquarius is seen in Fig. The 
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drawing of this nebula gives you but a faint notion of 
its appearance in the telescope. I may also show you 
another nebula (Fig 64), having a spiral foim, and whose 
spectrum exhibits a fourth bright line. Mr. Hnggins 
then found, on examining the character of the lines 
which these nebulae give off, that the spei'trum was like- 
wise distinguished by the same three distinct bright 
lines. The questions will occur to every oin*, Do all the 
iicbulie give similar spectra? and especially, Do those 
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which the tclescojie had certainly rcsolvt'd into a close 
aggregation of bright points gi\'(‘ gaseous siieetra, ? 

Mr. Huggins has examined (he spectra of about 
seventy nebula;, and he finds that tlu'se can bi; ilivided 
into two gi-eat groups. One groiqi (about one-third of 
the whole number) consists of the nebula' giving spectra 
of three bright lines similar to tho.s(' wliich 1 hav(; shown 
you, or else containing only one. or two of tlu'se bright, 
lines. “Of the, so seventy nebula', about oiu'-third belong 
to the class of gaseous bodies: (he light of tlu' rt'inain- 
ing nebula; and (‘lusters becomes .spri'ad out by (he prism 
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into a spcetinni which is apparently continuous.” To 
the class of nebulae giving continuous spectra the well- 
known nebula in Andromeda belongs. This singularly 
shaped body is visible to the naked eye (Fig. C.'5), and 
is not unfroquently mistaken for a comet. It was 
observed as early as the year 1612, by Simon Marius. 
The spectrum of this nebula, though apparently con- 
tinuous, possesses some curious characteristics, the whole 
of the red and a portion of the orange being wanting, 
besides the brightei’ parts exhibiting an unequal iuid 
mottled appearance. 
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It njxt becomes a most inportuit iioini to ascertain 
the chemical nature of the three bright lines in tlie 
spectra of the gaseous uebulaj. Mr. Huggins finds that 
the brighte.st of the lines of the nebula coincides with the 
strongest of the lines which ai'e peculiar to nitrogen, wdiilsl^ 
the faintest of the lines was found to coincide with the 
green line (p) of hydrogen. The middle lino of the ihr.-e 
does not coincide with a lino of any known eleirieiit. 

The upper part of this drawing is intended to ix'] )!•('- 
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sent a portion of the solar spectrum. Here you sec the 
dark line F, due to hydrogen, and the lines formed hy 
magnesium, corresponding with the letter h. Below are 
the lines corresponding with some of the bright linos 
of hydrogen, barium, nitrogen, and magnesium, whilst 
between them are the three lines obsoiwed in these 
uebulffi (Fig. GG). Now it may be asked, “ How is it, 
if one of these three lines is due to hydrogen, and 
another to nitrogen, that the other well-known lines 
of these elements are not present in the sjiectra of the 
nobulm 1 Can we come to the conclusion that nitrogen 
and hydrogen are contained in the nebulae, when wo only 
.see two out of the many characteristic linos 1 Why do 
not the others appear I" With rc'gard to this i)oint, Mr. 
Huggins has quite recently shown — a.nd 1 have to thank 
him for his kindness in allowing mo to see the paper 
before it was published — that if the intensity of tho light 
coming from glowing nitrogen be diminished to a certain 
point, only one line is seen, and if you diminish the 
intensity of the hydrogen spectrum, this one blue lino (f) 
alone becomes visible.^ We may therefore safely follow 
in Mr. Huggins’ stops, and take all his conclusions ns 
being the result, not only of careful experim(uitatioii, hut 
of philosophic caution, for in all tlicse new and difficult 
Hubje(‘tB that is an ulisohib' necessity. 1 tliink we may 
b(f well satisfied to adoj)t his decision, that in fact nitro- 
gen and hydrogen do exist in the nebulae, and that the 
cause of tho non-appearance of the otluT lines is simply 
to he ascrihed to the fac.t which T have already en- 
deavoured to point out to you, that the light coming 
from these nebuhn is of such exc.eHsiv(‘ly sliglit inhuusity. 
r am almost afraid to take iq) your time- in exhibiting 

’ Tliis fact lias also liecn oIisci'VimI by Pailn* iScr.i'lii 
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to you many of these diagrams ; still I must not omit to 
show you one of the well-known nebula in the sword- 
handle of Orion (see Fig. 67), which was discovered by no 
less a personage than the astronomer Huyghens in 1666. 
I will read to you Sir John Herschel's description of this 
nebula. “The general aspect of the less luminous and 
cirrous portion is simply nebulous and irresolvable ; but 
the brighter portion immediately adjacent to the trapezium 
forming the square front of the head is shown with the 
eighteen-inch reflector broken up into masses, whose 
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mottled and curdling light evidently indicates, by a sort 
of granular texture, its consisting of stars, and when 
examined under the great light of Lord Eosse’s reflector, 
or the exquisite defining power of the gi’cat achromatic 
at Cambridge, U.S., is evidently perceived to consist of 
clustering stars. There can therefore be little doubt as to 
the whole consisting of stars too minute to be discerned 
individually, even with those powerful aids, but wdiich 
become visible as points of light when closely adjacent in 
the more crowded parts.” 
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It becomes a matter of tbe greatest interest to 
learn the conclusions to which the spectroscope leads 
us, concerning the nature of these resolvable por- 
tions of this nebula. Here you have Mr. Huggins’ 
own words on this important subject. “The results of 
telescopic observation on this nebula seem to show that 
it is suitable for observation as a crucial test of the 
correctness of the usually received opinion, that the 
resolution of a nebula into blight stellar points is a 
certain and trustworthy indication that the nebula 
consists of discrete stars after the order of those which 
are bright to us. Would the brighter j)ortions of the 
nebula adjacent to the trapezium, wliicli have been 
resolved into stars, present the sam(^ spectnun as tlui 
fainter and outlying portions 1 In the brighter piuts 
would the existence of closely aggregated stars be 
revealed to us by a continuous spectrum, in addition to 
that of the true gaseous matter ? ” The answer of the 
spectroscope comes to us in no doubtful tone. “The 
light from the brightest parts of the nebula near tin*, 
trapezium was resolved by the prisms into three blight 
lines, in all respects similar to those of the gaseous nebula. 
.... The whole of this gi-cat nebula, as far jis lies within 
the power of my instinment, emits light which is identical 
ill its characters; the light from one part differs from 
the light of another in intensity alone." 

The conclusion is obvious, that the close assoeialioii 
of points of light in a nebula can no longer be aec-epted 
as proof that the object consists of true stars. These 
luminous points, in some nebulas at least, must he re- 
garded as portions of matter, denser probably than llie 
outlying paiis of the great mduilous mass, hut slill 
gaseous. Another ])oiut of interest here pn'seiils itself 
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with, regard to the opinions entertained of the enormous 
distances of the nebulas, founded upon the remoteness at 
which these supposed star-clusters must exist, aa they 
cannot be resolved into stars by the most powerful 
telescopes. Such opinions it is clear cannot now bo uphtdtl , 
at least with respect to those nebulm which liavc^ been 
proved to be gaseous. 

Carrying on his observations still further, to well- 
known distant clusters of stars, a representation of which 
1 will throw upon the screen, Mr. Huggins Inis found that 
even some of those which were supposed to bo well- 
authenticated masses of stars do not really cojisist of 
stars, for the light given off by these clusters is also 
identical in character with the light given off by the true 
nebulae. Hence we must be careful in drawing our 
conclusions respecting the existence of those bodies as 
groups of far-distant suns, because we find that the light 
which some of them give out is not the kind of light 
which such far-distant fixed stars must omit. 

I have next to refer, very briefly indeed, to a most 
interesting a.ud important obseivation which has becii 
made quite rcently by Mr. Huggins, respecting tlui light 
emitted by comets. A comet is now visible vvhich is called 
Brorsen’s comet It is a recurring comet, and, althougli 
a small one, it gives off a sufficient amount of light to 
enable the spectrum to be obtained : and the light of this 
comet has been found to be identical with the light 
emitted by the nebul®, in so far as it gives a spectruni 
consisting of bright lines, indicating the existence of lumi- 
nous gas in the mass of the comet. But the comet light 
has been found by Mr. Huggins to differ from the light 
emitted by the nebulas, inasmuch as the lines in tins 
comet spectrum aie not identical in jwsitioji with the 
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lines yielded by tbc nebulae. Nor, in fact, arc tlicse 
particular lines — roughly represented here — ^these three 
Tiands, identical in position with the bands of any known 
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tte top we see the solar lines, and between these lie the 
particular lines of the comet : hence this comet contains 
something not contained in the nehulse, and whose lines 
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do not coincide with any substance known on earth, so 
far as examination has yet proceeded. So that wt* really 
do not yet know of what this comet consists. 'J’liis obscr- 
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vatiou, I am sure you will all admit, opens out to us 
subjects of the deepest interest. 

We are entirely at a loss to know bow sucb a body as 
the comet can be self-luminous ; the mass of the comet, 

I believe, is astronomically speaking inappreciable. We 
do not know whether there is as much matter in this 
comet as would fill this room, or as much as would fill 
one’s hat ; and this amount of matter is spread over an 
enormous space. The diameter of this comet has been 
determined for me by Mr. Baxendell, who tells me that 
it is about 60,700 miles : an immense space over which 
to spread so small an amount of substance. 

How matter in this attenuated form can be kept up at 
the high temperature nccessaiy for the gas to become 
incandescent is a subject on which we ciuinot at present 
even speculate. 

[Since this lecture was delivered, Mr. Huggins has 
published an account of his observations on the second 
comet of 1868, a drawing of which is seen in Fig. 69. 
These important additions to our knowledge arc given in 
full in the Appendix. The C!omct II. of 1868 has thus 
been proved to contain luminous carbon, or carbon com- 
pounds ; its spectmm, togc'thcr with that of Broi’sen’s 
comet, is seen in Fig. 68. This shows the carbon spec- 
trum compared with the spectrum of the nebuhe mid 
with tlio bright lines of some of the elements, the coin- 
cidence of the bright lines of Comet II. with those of 
the spark taken in olefiant gas being clearly seen. In 
order to obtain an exact comparison of the lines ol' tlio 
comet with those of incandi-scent olefiant gas, the arrange- 
ment shown in Fig. 70 was cinploy(‘d. This consists of a 
glass bottle, o, converted into a gas-holder containing the 
olefiant gas. Tliis was coinieeted with the glass tube. 



254 


SPECTEUM ANALYSIS, 


[rjcf’T. VI. 


h, tlirougb, which the gas passed, aud into which two 
platinum wires, e aud f, had been soldered. This tube 
being then placed before the mirror of the s2)eetroscope, 
f, the light of the spark, passing through the gsis in the 
tube by means of the wires, was reflected into the instru- 
ment d, and its spectrum was seen immediately below 
that of the comet The two sots of bands were not 
only found to agree j)recisely in position, but they eor- 
rcs])onded in then general characters, aud in their relative 
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brightness. Whether the carbon is jjreseiiL iji the free 
state in the comet, or in the state of combination, (‘aniiot 
be as yet definitively decided : the existence of eiirbon 
and of hydrocarbons in the extra-terrestrial niatP'r of 
meteorites has long been known.] 

I have still to speak of another result oi' tlu'se in- 
teresting experiments of Mr. Huggins. Not only are 
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we in a position tlius to determine the constitution of the 
staxs and of the nehulse, but we can actually, by these 
observations, get some ideas respecting the relative 
motions of these' bodies and oui‘ earth. It is impossible 
in the time at my disposal to explain to you the mode 
in which philosophers or physicists have arrived at the 
conclusion that, when a luminous body is approaching 
another very rapidly, the hind of light which is received 
on the retina from that body moving at a very great speed 
ditfers in some respects from the light which the retina 
would receive were that body at rest. An illustration 
from sound may perhaps render this matter more plain. 
If in a railway train you listen to the whistle of the 
engine of another train, which is meeting you, you will 
notice that as the two trains approach the pitch of the 
note of the whistle alters. This is because (owing to tlie 
sound being produced by the vibration of the particles 
of the air), when the two trains arc a,pj)roachiug (^ach 
other, the waves of sound tu‘e, as it were, forced togetlior 
and fall more rapidly upon the car than they would do 
if the two trains wore in a state of rest. The same thing 
happens with rcgai’d to light. If the one object whieli 
is luminous is approa(‘hing the retina very rajndly, tlie 
vibrations causing light will fall more frequently on the 
retina than if tlu'. Isidies wei-e at rest ; and then the. posi- 
tion of the dark lines would l>e shifted. Mr. Huggins 
has actually found that in some of these stars there is a 
slight disturbance in tlu^ position of the hydrogen line 
F : he first most beautifully proved that it is really hy- 
drogen which is pn'sent, and then he showed that there, 
is a slight deviation obs(‘rv('d between the hydrogen line 
and the line existing in the star j and hen(;e he comt's l.o 
the conclusion that the motion of recession between tlu' 
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eartli and the star Sirius is that of 41 '4 miles per second, 
or that, if the earth -were stationary, there would bo a 
motion of recession at the rate of 29 mules per second. 
This is the proper motion which is attributed to the 
star. Here you see a diagram (Fig. 71) showing the 
slight deviation which the line F exhibits in Sirius light. 

It is difficult for me to explain this matter in a few 
words, but I should have been neglecting my duty if I 
failed to point out to you that not only can we arrive • 
at conclusions respecting the chemical nature of the 
stars by spectrum analysis, but that by the same power- 
ful means we are actually enabled to come to a khow- 
ledge respecting their motion. 
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In conclusion, I may say that I feel it would be idle in 
me to attempt to add any words as to the importance and 
grandeur of the subjects which in these lectures I have 
so imperfectly brought before you. I leave the facts to 
speak for themselves, and I have only to thank you most 
heartily for the kind attention with which you have, 
honoured me. 
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EXTRACT FROM A MEMOIR ON THE SPECTRA OF SOME OF THE 
FIXED STAES.1 


BY W. HUGGINS, P.E.A.S., AND W, MTLLEB, M.D., LL.D., 

TREAH. AND V.P.R.S.* 

§ I. Iiitvoihiction, 

1. The recent discovery of Kirclilioff of the connexion between 
the dark lines of the solar spectrum and the bright lines of 
terrestrial flames, so remarkable for the wide range of its appli- 
cation, has placed in the hands of the experimentalist a method 
of analysis which is not rendered less certain by the distance 
of the objects the light of which is to be subjected to examina- 
tion. The great success of this method of analysis as applied 
by Elirclihoff to the determination of the nature of some of the 
constituents of the sun rendered it obvious that it would be an 
investigation of the highest interest, in its relation to our know- 
ledge of the geiKU'al plan and structure of the visible univcrst‘, 
to endeavour to a])ply this new method of analysis to the light 
which reaches the earth from the lixc'd stars. Hitheiio the 
knowledge possessed hy man of th(‘se immensedy distant bodies 
has heen almost confiiuul to the fiiet that some of them, which 
observation shows to be nnitt‘.d in systems, are composed of 
matter subjected to the same laws of gravitation as those which 
rule the momhors of the solar system. To this may be added 
the high prohahility that they must he pelf-luminous bodies, 
analogous to our sun, and probably in some cases even tran- 
scending it in brilliancy. Were they not self-luminous, it would 

' 1‘hil. TnmH. * Proff.ssor of Choinistry, Toll pgo, riOn(l<n> 
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be impossible for tbeir light to reach us from the enorjnous 
distance at which the absence of sensible parallax in the case 
of most of them shows they must be placed from our system. 

The inyestigation of the nature of the fixed stars by a pris- 
matic analysis of the light which comes to us from them, 
however, is surrounded with no ordinary difficulties. The light 
of the bright stars, even when concentrated by an object-glass 
or speculum, is found to become feeble when subjected to the 
large amount of dispersion which is necessaiy i.o give certainty 
and value to the comparison of the dork lines of the stellar spectra 
with the bright lines of terrestrial matter. Another difficulty, 
greater because it is in its effect upon observation more injurious, 
and is altogether beyond the control of the experimentalist, 
presents itself in the ever-changing want of homogeneity of the 
earth's atmosphere through which the stellar light has to pass. 
This source of difficulty presses very heavily upon observers who 
have to work in a climate so unfavourable in this respect as our 
own. On any but the finest nights the numerous and closely 
approximated fine lines of the stellar spectra are seen so fitfully 
that no observations of value can be made. It is from this 
cause especially that we have found the inquiry, in which for 
more than two years and a quarter wo have been engaged, more 
than usually toilsome; and indeed it has deananded a sacrifice of 
time very great when compared with the amount of information 
which we have been enabled to obtain. 

2. Previously to January 18G2, in which month we comnumcod 
these experiments, no results of any investigation undcriakon 
with a similar purpose had been published. With other objects 
in view, two observers had described the spectra of a few of 
the brighter stars, viz. Fraunhofer in 1 823,^ and Donati, wdxoso 
memoir, ‘'Tntorno alle Strie degli Spettri stollavi," was published 
in the " Annali del Museo Fiorentino" for 18(!2. 

Fraunhofer recognised the solar lines n, E, h, and V in the 
spectra of the moon, Venus, and Mars : he also found the line n 
in Capella, Betelgeux, Procyon, and Pollux ; — in the two fonner 
he also mentions the presence of h, C-astor and Sirius exhibited 

^ nnhn’t'R AnnfJm, a^oI. Ixxiv, p. 371 . 
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other lines. Donati's elaborate paper contains observations upon 
fifteen stars ; but in no case has he given the positions of more 
than three or four bars, and the positions which he ascribes to the 
lines of the different spectra relatively to the solar spectrum do 
not accord with the results obtained either by Fraunhofer or by 
ourselves. As might have been anticipated fi‘om his well-known 
accuracy, we have not found any error in the positions of the 
lines indicated by Fraunhofer. 

3. Early in 1862 we had succeeded in arranging a form of 
apparatus in which a few of the stronger lines in some of the 
brighter stars could be seen. The remeasuring of those already 
described by Fraunhofer and Donati, and even the determining 
the positions of a few similar lines in other stars, however, 
would have been of little value for our special object, which was 
to ascertain, if possible, tlie constituent elements of the different 
stars. We therefore devoted considerable time and attention to 
the perfecting of an apparatus wliich should possess suflicieni 
dispersive and defining power to resolve such lines as d and I 
of the solar spectrum. Such an instrument would bring out the 
finer lines of the spectra of the stars, if in this respect they 
resembled the sun. It was necessary for our purpose that the 
apparatus should further be adapted to give accurate measures 
of the lines which should be observed, and that it should also be 
so constructed as to permit the spectra of the chemical elements 
to bo observed in the instmment simultaneously with the spectra 
of the stars. In addition to this, it was needful that these two 
spectra should occupy such a position relatively to each other 
as to enable the observer to (hiteriniiie with certainty the coinci- 
dence or non-coincidence of the bright linos of the elements with 
the dark linos in the light from the star. 

Before the end of the year 1862 we had succeeded in con- 
structing an a])paratus which fulfilled part of these conditions. 
With this some of the lines of the spectra of Aldebaran, a 
Orionis, and Sirius were measured; and from those ineasures 
diagrams of these stars, in greater detail tlian had then been pub- 
lished, were laid before the Boyal Society in February 1863. 
After the note was sent to the Society, we became aeipiainted with 

s 2 



260 


SFWTRUM ANALYSIS. 


[ LBCT. VL 


some similar observations on several other stars by Rutherford, in 
Silliman's Journal for 1863.^ About the same time figures of a 
few stellar spectra were also published by SecchL^ In March 
1863 the Astronomer Royal presented a diagram to the Royal 
Astronomical Society, in which are shown the i)Osition8 of a few 
lines in sixteen stars.^ 

Since the date at which our note was sent to the Royal 
Society our apparatus has been much improved, and in its 
present form of construction it fulfils satisfactorily several of the 
conditions required. 

§ II. Description of the Apparatus^ and Methods of Observation 

employed, 

4. This specially constructed spectnmi apparatus is attached 
to the eye end of a refracting telescope of 8 inches aperture and 
10 feet focal length, which is mounted cquatorially in the 
observatory of Mr. Huggins at XJi)per Tulse Hill. The object- 
glass is a very fine one, by Alvan Clark of Cambridge, 
Massachusetts ; the equatorial mounting is by Cooke of York ; 
and the telescope is carried very smoothly by a clock motion. 

As the linear spectrum of the point of light which a star 
forms at the focus of the object-glass is too narrow for the 
observation of the dark lines, it becomes necessary to spread out. 
the image of the star; and to prevent loss of light, it is r>]' 
importance that this enlargement shbuld bo in one direction 
only ; so that the whole of the light received by tlie obJoct-glaHS 
should be concentrated into a fine lino of light as naiTow ns 
possible, and having a length not greater than will correspond to 
the breadth of the spectrum (when viewed in the apparatus), just 
sufficient to enable the eye to distinguish with ease the dark 
lines by which it may be crossed. No arrangement tried by us 
has been found more suitable to effect this enlargement in one 
direction than a cylindrical lens, which was first employed for 

^ Vol. XXIV. p, 71. 

a Aetroiiomiflclie Nachricliteu, No. 1405, Maivh 3, 1863. 

® Monthly Notico.s, Hoy. Aslroii. Soc. vol. xxiii. p. UK). 
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this purpose by Fraunhofer. In tbe apparatus by which tbe 
spectra described in our “ Note ” of February 1863 were ob- 
served the cylindrical lens employed was plano-convex, of 0‘5 
inch focal length. This was placed within the focus of the 
object-glass, and immediately in front of the slit of the 
collimator. 

The present form of the apparatus is represented in Fig. 60 
(page 232), where the cylindrical lens is marked a. This is 
plano-convex an inch square, and of about 14 inches focal 
length. The lens is mounted in an inner tube 6, sliding within 
the tube c, by which the apparatus is adapted to the eye end 
of the telescope. The axial direction of the cylindrical surface 
is placed at Hght angles to the slit d, and the distance of the lens 
from the slit within the converging pencils from the object-glass 
is such as to give exactly the necessary breadth to the spectrum. 

Tn consequence of the object-glass being ovcu’-correctcd, the 
red and especially the violet pencils are less spread out than 
the pencils of intermediate rcfrangibility ; so that the spectiiiiu, 
instead of having a unifonu breadth, becomes slightly naiTOwer 
at the red end, and tapers off in a greater degree towards the 
more refrangible extremity.^ 

In front of the slit rf, and over one-half of it, is placed a 
right-angled prism e, for the purpose of reflecting the light 
which it receives from the mirror /, through the slit. In the 
brass tube c, arc two hol(‘s : by one of these the light is allowed 
to i^ass from the mirror to the reflecting prism e ; and by means 
of the other access to the milled head for r(‘gulaling the width 
of the slit is permitted. Ihfliind the slit, and at a disLancii equal 

1 Tlio «x]>orinipnL wnn inado of ho ilu' cyliiidriciil loiiH that the axitil 

direolion of itH convex r.yliiidricnl hurl’mic nliould he piirulhd willi the direction of 
the fllit. The line of li|^ht jh iii thin ctine rornie<l by tlic Icnn ; and the length of 
this line, corrcHiKniding to the viHible hrciidlh of the Rpcctruni, in ecjiial to the 
diameter of the cone of niyH from the ohjcct-ghiHs when th(‘y fall n])on the slit. 
With thin iirnnigemciit, the hjKjr.lnnn n]ii)enrh to he Hju’eail out, in place of heiiig 
eontmc.ted at tlie two extreniiticH. Owing tti the large imiounl of diKperHion to 
which the light in Huhjeet, it woh juilged unndviKiible to wciikcn hlill further the 
iilreudy feeble illnmimitinu of the extremilieH of the Hpeelruni; and in (he eMiiui- 
nation of the Hlelhir s])netra the iiosition of the eyliiidnenl lens with its a\iH at 
right iiiigleH to the slit, nn mentioned in the text, ^\aH tln'iefon* ndopteil. 
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to its focal length, is placed an achromatic collimating lens, 
made by T. Boss : this has a diameter of 0*6 inch and a focal 
length of 4^ inches. These proportions are such that the lens 
receives the ^hole of the light 'which diverges from the linear 
image of the star, when this is brought exactly within the jaws 
of the slit. 

A jplaTKhConcave cylindrical lens of about 14 inches negative 
focal length was also tried. The slight advantage which tliis 
possesses over the convex form is more than balanced by the 
inconvenience of the increased length given to the whole 
apparatus. The dispersing portion of the apparatus consists of 
two prisms, A, each having a refracting angle of about G0° : they 
were made by T. Boss, and are of very dense and homogeneous 
flint glass. The prisms are supported upon a suitable mounting, 
which permits them to be duly levelled and adjusted. Since 
the feebleness of the light from the stars limits the observa- 
tions for the moat part to the central and more luminous 
portions of the spectrum, the prisms have been adjusted to 
the angle of minimum deviation for the ray D. A cover of 
brass, k, encloses this port of the apparatus ; and by this 
means the prisms are protected from accidental displacement, 
and from dust 

The spectrum is viewed tlirough a small achromatic telescope, 
Z, furnished with an object-glass of 0*8 inch diameter and 0*7^ 
inches focal length. This telescope has an adjustment for lcv(d 
at m. The axis of the telescope can he lowered and raised, and 
the tube can be also rotated around the vertical axis of sn])p( 3 rt 
at n. At the focus of the object-glass are fixed two wires, 
crossing at an angle of 90°. These are viewed, together with the 
spectrum, by a positive eyepiece, p, giving a magnifying power 
of 5*7 diameters. As the eyes of the two observers do not 
possess the same focal distance, a spectacle lens, corresponding 
to the focal difference between the two, was fitted into a bnvss 
tube, which slipped easily over the eyepiece of the tcdoHCopo, 
and was used or withdrawn as was necessoiy. 

This telescope, when properly adjusted and clamped, is carried 
by a micrometer screw, g, which was constructed and fitted to 
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tlie instromeut by Cooke and Sons. The centre of motion about 
which it is carried is placed approximatively at the point of 
intersection of the red and the violet pencils from tlio last 
prism : consequently it falls within the last face of the prism 
nearest the small telescope. All the pencils therefore wliich 
emerge from the prism are, by the motion of the telescope, 
caused to fall nearly centrically upon its object-glass. The 
micrometer screw has 60 threads to an inch; and each revolution 
is read to the hundredth pai*t, by the divisions engraved upon 
the head. This gives a scale of about 1,800 ])ai’ts to the interval 
between the lines A and H of the solar spectmm. During the 
whole of the observations the same part of the screw has been 
used ; and the measures being relative, the inequalities, if any, 
in the thread of this part of the screw do not allect the accuracy 
of the results. The eye lens for reading the divisions of the 
niicronieter screw is shown at 8. 

The mirror / receives the light to he e()ni])ared with that of 
the star spectrum, and rellects it upon the prism e, in front of 
the slit d. This light was usually obtained I'roin the induction 
spark taken between electrodes of diilerent metals, fragments of 
wires of which were held by a pair of small forceps attached to 
the iusulatmg ebonite clamp r. Upon a moveable stand in the 
observatory was placed the induction coil, already described by 
one of us,^ in the secondary circuit of which was inserted a 
Leyden jar, having 140 square inches of tinfoil upon each of its 
surfaces. The exciting luittcuy, which, for the convenience 
of being always available, consisted of four cells of Sniee’s 
constmetion, with plates 0 inch(*H by 1}, was placed without the 
observatory. Wires, in connexion witli this and the coil, were 
so arranged that the ol)S(‘rv(*r couhl make and bnmk contact at 
pleasure without removing his eye IVom the small telescope. 
This was the more important, since, by tilting the mirror /, it is 
possible, within narrow limits, to alter the ])()sition of the 
spectrum of tlui metal redatively to that of the star. An 
arrangoiuent is thus obtained which enables the obsenver to be 
assured of the perfect correspondence in relative position in the 
^ Pliil. TraiJH. 18(51, \). 14 J. 
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instriunent of the stellar spectrum and tlie spectrum to he 
compared with it. 

6. The satisfactory performance of this apparatus is proved 
hy the very considerable dispersion and admirably sharp 
definition of the known, lines in the spectra of the sun and 
metallic vapours. When it is directed to the sun, the line D is 
sufficiently divided to permit the line within it, marked in 
Kiichhofif'a map as coincident with nickel, to be seen. The 
close groups of the metallic spectra are also well resolved. 

When this improved apparatus was directed to the stars, a 
large number of fine lines was observed, in addition to those 
that had been previously seen. In the spectra of all the 
brighter stars which we have examined the dark hues appear to 
he as fine and as numerous as they are in the solar si)ectrum. 
The great breadth in the lines in the green and moro refrangible 
parts of Sirius and some other stars, tis seen in the less perfect 
form of appamtus wliich was first employed, and wliicli baiid- 
like appearance was so marked as specially to distinguish them, 
has, to a very great extent, disappeared ; and though these lines 
are still strong, they now appear, as compared with the strongest 
of the solar hues, by no means so abnormally broad as to 
require these stars to he placed in a class apart. No stars 
sufficiently bright to give a spectrum have been observed to bo 
without lines. The stars admit of no such broad distinclncHS of 
classification. Star differs from star alone in the grouping and 
arrangement of the numerous fine lines l)y wliich their spectra 
are crossed. 

6. For the convenience of reference and comparison, a few of 
the more characteristic lines of twenty-nine of the elements 
were measured with the instrument. These were laid down to 
scale, in order to serve as a chail, for the purpose of suggesting, 
by a comparison with the lines measured in the star, those 
elements the coincidence of the lines of which with stellar lines 
was probable. 

For the purpose of ensuring perfect accuracy in relative 
position in the instrument between the star spectrum and the 
spectrum to be observed simultaneously with it, tlic following^ 
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general method of observing was adopted : — The flame of a 
small lamp of alcohol, saturated with chloride of sodium, was 
placed centrally before the object-glass of the telescope, so as to 
furnish a sodium spectrum. The sodium spectnim was then 
obtained by the induction spark, and the mirror / was so 
adjusted that the components of the doubled line D, which is 
weU divided in the instrument, should be severally coincident in 
the two spectra. The lamp was then removed, and the telescope 
directed to the sun, when Fraunhofer’s line n was satisfactorily 
observed to coincide perfectly with that of aodhim in the 
induction spark. Having thus asceitained that the sodium lines 
coincided in the instiTiinent with the solar lines ]), it was of 
importance to have assurance from experiment that the other 
parts of the solar spectrum would also accurately agree in 
])C)sition with those correR[>oiidiiig to them in the *spectrum of 
comparison. When electrodes of magnesium were employed, 
the components of the triple grou[) characteristic of this metal 
severally coincided with the coiTesponding lines of the gi’mij) b. 
c and F also agreed exactly in position with the lines of 
hydrogen. The stronger of the Fraunhofer lines were mi‘aaured 
in the spectra of the moon and of Venus, and these measures 
were found to be accordant with those of tlic same lines taken 
in the solar spectrum. 

Jiefore conimencing the examination of the spectrum of a 
star, the alcohol-lamj) was again ])la(!e(l Indent the ol)ject-glass 
of the tel(‘SCope, and the (U)rre(it adjusinunit of tlu^ a|)i)amlus 
()l)tained with certainty. Tlu* first oliscrvation was whether the 
star contained a double line, e.oincident with the sodium line n. 
Wlum the ])rcscnti(‘. of smdi a line had l)e(m satisfactorily 
determined, wo considered it siiHieicnt in HuhHe([U(‘nl observa- 
tions of the. same star to commence by aHC(‘rtaining the exact 
agnunneiit in position of this known stcdlar line with the 
sodium Inu^ I). 

Since from flexure of the parts of the sp(*ctrum a])paratus 
the ahsolute reeling of the iuieromc‘t(‘r might vary when the 
t(‘lescope was direeied to stars differing greatly in altitude, tlu* 
measure of the line in the star which w'as kno\vu to be 
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coincident with that of sodiuni was always taken at the 
commencement and at the end of each set of measures. The 
distances of the other lines from this line, and not the readings 
of the micrometer, were then finally registered as the measures 
of their position; and these form the mimhers given in the 
Tables, from which the diagrams of the star spectra have been 
laid down. 

The very close approximation, not unfregncutly the identity, ' 
of the measures obtained for the same line on diflerent occasions, 
as well as the very exact agreement of the lines laid down froin 
these measures with the stellar lines subsccpienily determined 
by a direct comparison with metallic linos, the positions of 
which are known, have given the authors great confidence in the 
minute accuracy of the numbers and drawings which they have 
now the honour of laying before the Society. 


APPENDIX Jh 


ON THE SPECTHUM OP MAKS, WITH vSOMK llKMAKKvS ON THE 
COLOUR OP THAT PLANET. 

liY WILLIAM 1IU0(JINH, ESQ., F.U.H, 

On BGverol occasions during the laic opposition of hfars J 
made observations of the spectrum of the solar light reiloc.tcd 
from that planet. 

The spectroscope which I employed was tlie same as that of 
which a description has appeared in my foriner iiapm's.^ Two 
instruments were used, one of which is furnished with a single 

1 “Ou the Spectra of some of the Fixed StavH.” (Phil. TmuH. 1 8(1-1, ]>. 415.) 
Duiingmy priamatic researehes I have tried, aud UHcd occnnioiially, Hcvcrnl other 
arrangementa for applying the prism to the toloacopo. Some of tlieHo 
are fitted with compound priflms, which give direct vision. I have not fouinl nny 
apparatus eq^ual iu delicacy and in accuracy to that which is reforrod to in tlm 
text. 
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prism of dense glass, which has a refracting angle of 60®. The 
other iDstrument has two similar prisms. 

In a paper “ On the Spectra of some of the Fixed Stars,’* by 
myself and Dr. W. A. Miller, we state that on one occasion 
several strong lines of absorption were seen in the more refran- 
gible parts of the spectrum of Miars. 

During the recent more favourable opportunities of viewing 
Mars I again saw groups of lines in the blue and indigo parts 
of the spectrum. However, the faintness of this portion of the 
spectrum, when the slit was made sufficiently narrow for the 
distmct observation of the lines of Fraunhofer, did not permit 
me to measure with accuracy the position of the lines which I 
saw. For this reason I was unable to determine whether these 
lines are those which occur in this part of the solar spectnim, or 
whether any of them are new lines due to an absorption which 
the light suffers by reflection from the planet. 

I have confirmed our former ohseivatioii, that several strong 
lines exist in the red portion of the specti’um. Fraunhofer’s u 
was distinctly seen, and its identity determined by satisfactory 
measures with the micrometer of the spectrum apparatus. From 
this line the spectrum, as far as it can be traced towards the less 
refrangible end, is crossed by dark lines. One strong lino was 
satisfactorily determined by the mieronietor to l)e situated from 
0 at about one-fourth of the distance fmm C to n. As a Hiinilar 
line is not found in tliis position in the solar si)ectrum, tin? liiu'- 
in the spectrum of Mars may bo acc(^pted as an indication of 
absorption by the jdanot, and jivobably by the atmospliere which 
sun’ounds it. The other lines in the red may l)o identical, at 
least in part, with n and A, and tho adjacent lines, of the solar 
spectrum. 

On February 14 faint lines were seen on both sides of Fraun- 
hofer’s D. The lines on the more refrangible sich^ of i) weui 
stronger than the less refrangible liiu's. Th(‘.se lines occupy 
positions in the spectrum api)arenny coiiicidcmt with groiips of 
lines which make their appearance when the sun’s light traveu’ses 
the lower strata of the atmosplu're, and which ar(‘ therefore 
supposed to be i)roducod by lh(‘, absorption of gases or vapours 
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existing in onr atmosphere. The lines in the spectrum of Mars 
probably indicate the existence of similar matter in the planet*s 
atmosphere. I suspected that these lines were most distinct in 
the light from the margin in the planet’s disc ; but this observa- 
tion was to some extent uncertain. That these lines were not 
produced by the portion of the eaith’s atmosphere through which 
the light of Mars had passed was shown by the absence of similar 
lines in the spectrum of the moon, which at the time of observa- 
tion had a smaller altitude than Mai’S. 

I observed also the spectra of the darker portions of the 
planet’s disc. The spectrum of the dark zone beneath the 
southern polar spot appeared os a dusky band when com- 
pared with the spectra of the adjoining brighter parts of 
the planet. This fainter spectrum ap]')Gared to ])oasGsa a uni- 
form depth of shade throughout its length. I'liis obaciwatiou 
would indicate that the material which forms the dnrkc^r parts 
of the planet’s surface absorbs all the rays of the spectrum 
equally. These , portions should be tlun’ofore neutral, or nearly 
so, in colour. 

I do not now regard the ruddy colour of Mars to be due to an 
elective absorption, that is, an absorption ol‘ oesrtain rays only so 
as to produce dark lines in the 6i)cctrimi. 

Further, it does not appear to be probable that the ruddy lint 
which distinguishes Mars has its origin in the i)laiu‘t’s atmo- 
sphere, for the light reflected from the polar i\‘gionH is IVoi*. from 
colour, though this light has tmversed a longer eoluiim of atmo- 
sphere than the light from the central parts of tlu‘. disc. It is in 
the central parts of the disc that the colour is most marked. If 
indeed the colour be produced by tlie planet’s atniosphero, it 
must be referred to peculiar conditions of it which exist only in 
connexion with particular portions of the ]daiietnry surface. Tbo 
evidence we possess at present appears to su])port the o])inion 
that the planet’s distinctive colour has its origin in the material 
of which some parts of its surface are conipo,sed. J\Ir. IjC)(*ky(*r’s 
observation, that the colour is most intense when the ])latiel.’s 
atmosphere is free from clouds, obviously admits of an intevpnUa- 
tion in accordance with this view. 
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This opinion appears to receive support from the pliotometvic 
observations of Seidel and Zbllner, some of tlio results of 
which I will briefly state. 

These observations show that Mars resembles the moon in 
the anomalous amount of variation of the light reflected from it 
as it increases and decreases in phase ; also in the greater bril- 
liancy of the marginal portions of its disc. Further, Zbllner has 
i'oiind that the albedo of Mars, that is, the mean reflective power 
of the different parts of its disc, is not more than about one- 
half greater than that of the lunar surface. Now these optical 
characters are in accordance with telescopic observation, that in 
the cose of Mars the light is reflected almost entirely from the 
true surface of the planet. Jupiter and Saturn, the light from 
which has evidently come from an envelope of clouds, are, on the 
contrary, less bright at the nuirgin than at the central part ol’ the 
disc. Tlu‘S(i planets have an albedo, severally, al)Out four and 
tliree times greater than that of the iiioon.^ 

Tlie anomalous degradation in the briglitiiess of the moon at 
the phases on either side of the full, as well as the greater bril- 
liancy of the limb, may bo accoimted for by the supposition of 
inecjualities on its surface, and also by a partly regular reflective 
propei’ty of its sui)erficial rocks. Zullucr lias showu that if 
these iiheiiomciia be assumed empirically to be due to merpiali- 
ties, then the angle of mean elevation oi these iiie(|ualities must 
be taken lus 5:^°. On the same hypotlu'sia the more rapid changes 
of Mars would require an angle of 

It apiiears to 1)(‘. highly iirobable that the eoiiditions of sur- 
face which give rise to these ])heiioineiia are common to tlu', 
moon and to Mars. The considerations refeiTcd to in a fornuu' 
paragraph suggest that these sup(*rlieial eondit-ions reiircsent 
peculiarities which exist at the true surface of the ])lan(‘t. 
In this connexion it is of importaneo to remark that tlui 
darker jiarts of the disc of Mars gradually disajqiear, and the 
coloured portions lose their distinctive ruddy tint us lh<»y 
approach the limb. 

' I’lioUmicIrim-liu niit(‘i'MU'liuiif(cn, vnii Dr. J. Zolliicr, I.i*i|i/,ifr, l.su,';, 

•■i Hii(l. )iii. 1i:i, 12S. 
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The observations of Sir John Herschel^ and Professor G. Bond® 
give a mean reflective power to the moon’s surface, similar to 
that from a “ grey, weathered sandstone rock.” Zbllner has 
confirmed this statement According to him, — 


The alhedo of the Moon ■ 

„ More i 

„ Jupiter 1 

„ Saturn < 

„ ‘White Paper i 

„ White Sandstone 


•me of the 


hcidcnt light. 


•2672 

•6238 

•4981 

•700 

•237 


Prom this table it appears that Mars takes in for its own use 
•7328 of the energy which it receives as light Jupiter’s cloudy 
atmosphere, nearly as brilliant as white paper, rejects more thaa 
six-tenths of the light which falls upon it Therefore, less than 
four-tenths of the light which this distant planet receives is alone 


available for the pmposes of its economy. 

The photographic researches of Mr. De La Hue and others 
show that the rays of high refrangibility, which are specially 
powerful in producing chemical action, are similarly affected.* 
At present we know nothing of the reflective power of llie 
planets for those rays of slower vibration which we call heat. 


^ Outlines of Aati‘onomy, p, 272. 

® ** On the Light of the Moon and Jupiter,” Memoii-s Amor. Acoflemy, voL iii* 
p. 222. In the same Memoir Prof. 0. Bond (wiiinalos tlio albedo of Jupiter to bo 
greater than unity. This estimate would require the admission that JiipiLrr hIiIuos 
in part by native light. (Ibid, p. 284.) 

® Prof. Q-. Bond states that “the moon, if the constitution of its surfaeo 
resembled that of Jupiter, would photograph iu oM-fouTlecnth of tho tinio it 
actually requires.” (Ibid, p. 223.) 
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ON THE SPECTRA OF VARIABLE STARvS. 

“ The spectrum of 7 Cassiopeise appears to he in some respects 
afc least analogous to that of r Coronse. In addition to the bright 
line near the boundary of the green and blue observed by 
Father Sccchi, there is a line of equal brilliancy in the red, and 
some dark lines of absorption. The two bright lines are narrow 
and defined, hut not very brilliant. Micrometrical measures made 
by Mr. Huggins of these lines show that they are doubtless 
coincident in position with Fraunhofer’s c and F, and with two 
of the bright lines of luminous hydrogen. In these stars part 
of the light must be emitted by gas intensely heated, though not 
necessarily in a state of combustion. The nearly uniform light 
of 7 Cassiopeias suggests that the luminous hydrogen of this 
star forms a normal part of its photosphere.” — Notices, Royal 
Astronomical Society, voL xxvii. p. 131. 

Mira GaiH, which gives a Bi)ectruni ap])arently identical, or 
nearly so, with a Orionis, was examined when at its maximum 
brilliancy, and on several subsequent occasions, after it had 
commenced its downward course. At tlie time the star was 
waning in brightness there was thought to be an appearance of 
greater intensity in several of the grou])H, but a continued series 
of observations is dcsirabh*- before any opinion is hazarded as 
to the cause of the variation in brightness which has procured 
for this object the title of ‘Wonderful.’ At Mr. Baxendell’s 
request the variable p Coronso was examined when at its 
maximum, but without any successful result. . . . Mr. Huggins 
lias coudrmed the observation of MM. Wolf and Paget so far 
as to the presence of bright lines in the three small stars 
described by them. lie has not determined the positions of 
those lines.” — Il)id, vol. xxviii. p R7. 
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FURTHER OBSERYATIONS ON THE SPECTRA OF SOME OF THE 
STARS AND NEBULA, WITH AN ATTEMPT TO DETERMINE 
THEREFROM WHETHER THESE BODIES ARE MOVINO TOWARDS 
OR FROM THE EARTH ; ALSO OBSERVATIONS ON THE SPECTRA 
OF THE SUN AND OF OOMET II. I868.1 

BY WILLIAM HUaaiNR, ICSQ. F.n.S. 

§ I, Introduction, 

In a paper "On the Spectra of some of tlie Vixcd Stars, ”2 hy 
myself and Dr. W. A, Miller, Treos. R.S., we gave an account 
of the method by which we had succeeded during the years 1862 
and 1863 in making trustworthy simultaneous comparisons of 
the bright lines of terrestrial substances with the dark lines in 
the spectra of some of the fixed stars. We were at the time 
fully aware that these direct comparisons were not only of value 
for the more immediate purpose for which they had been under- 
taken, namely, to obtain information of the chemical constitution 
of the investing atmospheres of the stars, but that they might 
also possibly serve to tell us something of the motions of tho 
stars relatively to our system. If the stars were moving towurds 
or from the earth, their motion, compounded witlx the earth’s 
motion, would alter to an observer on the earth the refraiigibility 
of the light emitted by them, and consequently the lines of 
terrestrial substances would no longer coincide in ])ositiou in thti 
spectrum with the dark lines produced by tbn absorption of the 
vapours of the same substances existing in the stars. 

The apparatus employed by us was furnished with two prisms 
of dense flint glass, each with a refracting angle of 60'", and 
permitted the comparisons to be made with so much accuracy 
1 Pliil. Trans. 1808, p. 529. a jhid. 1801, ]». 418. 
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that the diaplacement of a line, or of a group of lines, to an 
amount smaller even than the interval which separates the 
components of Fraunhofer’s D, would have been easily detected. 
We were, therefore, in possession of the information that none of 
the stars, the lines in the spectra of which we had compared 
with sufificient care, were moving in the direction of the visual 
ray with a velocity so great, relatively to that of light, as to shift 
a line through an interval corresponding to a difference of wave- 
length equal to that which separates the components of n. To 
produce an alteration of refrangibility of this amount a velocity 
of about 169 miles per second would be required. The following 
stars, with some others, were observed with the requisite accu- 
racy : — Aldebaran, a Orionis, ^ Pegasi, Sirius, a Lyrce, Capelin, 
Arcturus, Pollux, Castor. 

It appeared premature at the time to refer to these negative 
results, as it did not seenn to be probable that the stars were 
moving with velocities suhiciently gi‘eat to cause a change of 
refmngibility which could be detected with our instnimeiit. The 
insufficiency of our apparatus for this very delicate investigation 
does not, however, diminish the trustworthiness of ilio results 
we obtained respecting the chemical constitution of the stars, as 
the evidence for the existence or otherwise of a teiTestrial 
substance was made to rest upon the coincidence, or want of 
coincidence, in general character as wcU as position of acvmil 
lines, and not upon that of a single line. 

According to the uiululatory theory, light is propagated witli 
equal velocity in all directions, whether tlie lunimoiis body be 
at rest or in motion. The change of refrangibility is therefore 
to he looked for from the dimiinshed or inereased distanee llio 
light would have to traverse if the luminous olyeet ami the 
observer had a ra])id motion towards or from each other. The 
gi’eat relative vehxuty of light to the known jdanetary velocities, 
and to the probable moLions of the few stars of which the] )aral lax 
is known, showed that any alterations of position wljicli might 
he. expecied from this cause in tin*, lines of the sl(‘llur speudra 
would not exceed a fraction of tli('. inUuwal ]>etwcen the doiU)l('. 
line I), for iliat ])art of th(» spectrum, 

'r 
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I have devoted much time to the construction and trial of 
various forma of apparatus witli which I hoped to accomplish the 
detection of so small an amount of change of refrangibility. The 
difficulties of this investigation I have found to be very great, 
and it is only some years after that I have succeeded in obtaining 
a few results which I hope wiU be acceptable to the Eoyal Society. 

The subject of the influence of the motions of the heavenly 
bodies on the index of refraction of light had already, at the time 
of the publication of our paper in 1864, occupied the attention 
of Mr, J. 0. Maxwell, who had made some experiments 

in an analogous direction. In the spring of lost year, at my 
request, Mr. Maxwell sent to me a statement of his views and 
of the experiments which he had made. I have his permission 
to enrich this communication with the clear statement of the 
subject which is contained in his letter, dated Juno 10, 18G7. . . 

In 1841 Doppler showed that since the impression which is 
received by the eye or the ear does not depend upon the intrinsic 
strength and period of the waves of light and of sound, but is 
determined by the interval of time in which they fall upon the 
organ of the observer, it follows that the colour and intensity of 
an impression of light, and the pitch and strength of a sound, 
will be altered by a motion of the source of the light or of the 
sound, or by a motion of the observer, towards or from each otlier.^ 

Doppler endeavoured by this consideration to account for the 
remarkable differences of colour which some of the hinaiy stars 
present, and for some other phenomena of the heavenly bodies. 
That Doppler was not correct in making this application of his 
theory is obvious from the consideration that, even if a star could 
be conceived to he moving with a velocity suflicient to alter its 
colour sensibly to the eye, still no change of colour would bo 
perceived, for the reason that beyond the visible spectrum, at 
both extremities, there exists a store of invisible waves which 
would he at the same time exalted or degraded into visibility, 
to take the place of the waves which had been iiiised or lowiu’od 
in refrangibility by the star’s motion. No change of colour, 

1 “Uober das farLige Licht der Boppelaterno mid einiger anaei'cr Gustiruo «lea 
Humnels. (Bohm, Goaell. Abh. il 1S41-42, S. 406.) 
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therefore, could tahe place until the whole of those invisible waves 
of force had been expended, which would only be the case when 
the relative motion of the source of light and the observer was 
several times greater than that of light. 

In 1846 Ballot published a series of acoustic experiments 
which support Doppler’s theory in the case of souncL In the 
some paper Ballot advances several objections to Doppler’s 
application of his theory to the colours of the stars. ^ 

This paper was followed by several papers by Doppler in reply 
to the objections which were brought against liis conclusions.^ 

In 1847 two memoirs were published by Sestini on the colours 
of the stars in connexion with Doppler’s theory.^ 

More recently, in 1866, Klinkerfues ^ published a memoir on 
the influence of the motion of a source of light ui)on the refrau- 
gibility of its rays, and described therein a series of observations 
from which he deduces certain amounts of motion, iu tlie case of 
some of the objects observed by him. 

The method employed by Klinkerfues has been critically 
discussed by Dr. Sohneke.*^ 

It may be sufficient to state that, as Klinkerfues employs an 
achromatic prism, it does not seem possible, by his method of 
observing, to obtain any information of the motion of the stars ; 
for in such a prism the difference of period of the luminous 
waves would bo as far as j)ossible annulled. It is, however, 
(‘.onceivable that his observations of the light when travelling 
from E. to W.,and from W. to E., might show a difference in th(5 
two cases, arising from the eartli’s motion tlirough tlie ether. 

1 “Akuatiaclio VoraiKslie nuf dor Ni(*dorliiiidiHclicn KiHciil)nlin nolmt 

lic'lioii liouiorkuugou zur Thoorio doa llru. Prof. J)()ppl(‘r Pogg. Ann. B. Ixvi. 
S. 321. 

2 Sco Pogg. Ann. B. Ixxxi. S. 270, and B. Ixxxvi. S. 371. 

8 “ Mi'inoria sopi-a i Color! dollo StoUo del CaUilogo tie' Baily 0 HH(n-vaii dal 
P. Band Soaiini.” Bonia, 1817. 

^ “ Kornero MilllioilungiMi ubor don Kiiiflnaa dev Bowc'gnng dor Liclil(|U(dlo nnT 
die Broclibarkeit oinoH SiralilH.” Von W". KlinkiTruca, Naclir. K. C. tier W. zu 
(JoLliiigoii, No. 4, S. 33. 

8 “ Uol)er don Eiidlnaa dor Bowogiuigdor Liolil(iiiollo auf die Broidmiig, kriliaoho 
BoTiiorkungoii zii dor ICntdookung doa Urn. Prof. Klinkorfiio.s.” Von Urn. Dr. 
Sohiioko, A si roll. Naohr. No. KMO. 
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Father Secchi has quite recently called attention to this 
subject.^ In his paper lie states that he has not been able to 
detect any change of refrangibility in the case of certain stars, of 
an amount equal to the difference between the components of 
the double line n. These results ore in accordance with those 
obtained by myself and Dr. Miller in 1868, so far as they refer 
to the stars which had been examined by us 

§ 11. Desmption of Appao'atus. 

All the experiments were made with my refractor by Alvon 
Clark, of 8 inches aperture and 10 feet focal length, which is 
mounted equatoriaUy, and carried very smoothly by a clock 
motion. As even on nights of unusual steadiness the lines in 
the spectra of the stars are necessarily, for several reasons, more 
difidcult of minute discrimination of position than are those of 
the solar spectrum, it is important that the ajiparatus omidoyod 
should give an ample amount of dispersion relatively to the 
degree of minuteness of observation which it is proposed to 
attempt. 

In 1866 I constructed a spectroscope for the special objects of 
research described in this paper, which was furnished with three 
prisms of 60° of very dense flint glass. The solar linos wore 
seen with great distinctness. I found, however, that, in order to 
obtain a separation of the lines sulficient for niy pniqjose, an 
eyepiece magnifying ten or twelve diameters was necessary. 
Under these circumstances the stellar lines were not seen in the 
continued steady manner which is necessary for the trustworthy 
determination of the minute differences of ] position which were 
to he observed. After devoting to these observations the most 
favourable nights which occurred during a j^eriod of some 
months, I found that if success was to be obtained it would 
probably be with an apparatus in which a larger number of 
prisms and a smaUer magnifying power were employed. 

The inconvenience arising from the pencils, after passing 
tliTOugh the prisms, crossing those from the colliinatoi', wlieu 
^ Comptea Mendits, 2 mnrs, 1868, p. 398. 
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more than three or four prisms are employed, and also, in part, 
the circumstance that I had in my possession two very tine 
direct-vision prisms on Amici's principle, which had been made 
for me by Hofmann of Paris, induced me to attempt to combine 
in one instrument several simple prisms with one or two 
compound prisms which give direct vision. An instrument 
constructed in this way, as will be seen from the following 
description, possesses several not unimportant advantages.^ 
a is an adjustable slit ; 6 an achromatic collimating lens of 4*5 
inches focal length ; c represents the small telescope with which 
the spectrum is viewed. The train of prisma consists of two 
compound prisms, d and e, and three simple prisms, /, h. 



Fi(}. 72. 


Each of the compound prisms contains Jive ])risins, (U'UumiUmI 
together with Canada balsam. The shtuled ])ortions of tln^ 
diagram represent the position of tlie two prisms of very denst*. 
flint glass in each compound ])riRin. Tlu^ compound prism 
marked & is much larger than the other, and is ])(*.rninneiiUy 
connected with the telescope wiili which it niov(‘,s. Th(‘.se 
compound prisms, Avliich were made specially to my order by 
irofinann, are of great perfection, and ■|)rodueed s(^v(‘.ra]ly a 
dispersion fully equal to two i)riHin.s of onliimvy dcMisci Hint 

’ An n|)])nraiufl in nmiiy HU])onor to lln* nin* lu‘n* (li'scnbpil luis lui-n 

siiKT. ()pI(»1h*v ISDS. 
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glass. The prisms / and g were cut for me from a very line 
piece of dense glass of Guinand by Messrs. Simms, and have 
each a refracting angle of 60®, Tiie prism h was made by Mr, 
Browning from the dense flint glass manufactured by Messrs. 
Chance: this prism has a refracting angle of 45®. The great 
excellence of all these prisms is shown by the very great 
sharpness of definition of the bright lines of the metals when 
the induction spark is taken before the sht, even when con- 
siderable magnif 3 ring power is employed on the small telescope 
with which the spectrum is viewed. The instrument is provided 
with a second collimator, of which the object-glass has a focal 
length of 18 inches. 

The compound prism e is so fixed that it can be removed at 
pleasure, when the total dispersive power of the instrument is 
reduced from about six and a half prisms of CO® to about 
four and a half prisms of 60°. The facility of being able to 
reduce the power of the instrument has been found to bo of 
much service for the observation of faint objects, and also on 
nights when the state of the atmosphere was not very favourable. 

The telescope with which the spectrum is viewed is carried by 
a micrometer screw, which, however, has not been employed for 
taking measures of the spectra, but only for the purpose of 
setting the telescope to the part of the spectrum which it is 
intended to observe. This precaution is absolutely necessary 
when nehulsB are observed which emit light of two or three 
refrangibilities only. 

For the purpose of the simultaneous comparisons of tho light 
of the heavenly bodies with the lines of the terrestrial cleineiits, 
the slit was provided, in the usual way, with a small prism 
placed over one half of it, which received the light rellectcKl 
upon it from a small mirror placed opposite the electrodes. Tho 
plan of observation formerly employed, and which is descrihtul 
in the paper " On the Spectra of some of the Fixed Stars,” was 
adopted to ensure perfect accuracy of relative position in the 
instrument between the star spectrum and tho si’)cctruin to be 
compared with it, since it is possible, by tilting the niin’or, to 
alter within narrow limits the position of tlio s])octnini of the 
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terrestrial sutstaiice relatively to that of the star. Before 
commencing an observation, a small alcohol-lamp, in the wick 
of which bicaihonate of soda was placed, was fixed before the 
object-glass of the telescope, and then the mirror and the 
electrodes were so adjusted that the components of the double 
line D were exactly coincident in both spectra. 

Tliis plan was soon found to be very inconvenient, and even 
in some degree untnistworthy for the more delicate comparisons 
which were now attempted. An unobserved accidental dis- 
placement of the spark, or of the mirror, might cause the two 
spectra to differ in position by an amount eq^ual to the whole 
extent of want of coincidence which it was proposed to seek for 
in this investigation. The observations of many nights have 
been rejected, from the uncertainty as to the possible existence 
of on accidental displacement. 

Another inconvenience, so gi'cat as even to seem to diminish 
the hope of ultimate success, was found to arise from the difli- 
culty of bringing the lower margin of the star spectrum 
into actual contact with the upper margin of the spectrum 
of the light reflected into the instrument. Tire lines in the 
spectra of the stars are not, on ordinary nights, so steady 
and distinct as are those of the solar spectrum. Under these 
difficult circumstances it is very desirable, as an assistance to 
the eye in its judgment of the absolute identity or otherwise of 
the position of lines, that the bright lines of comparison should 
not merely meet the dark lines in the star spcctniin, but that 
they should overlap them to a small extent. When the two 
spectra are so airanged as to be in contact, the (‘ye is found to 
be inQucnced to some extent by the a])parent straightness or 
otherwise of the compound line formed by the coincident, or 
nearly coincident, lin(‘,s in the two spectra. Owing to the un- 
avoidable shori.ness of the collimator the lines in a broad 
spectnnn arc*- slightly curved. From this cause the deti'Tin illa- 
tion of the identity of lines in spectra wliich are in contact 
merely is rendered more difficult, and it may b(^ less trust- 
worthy. 

Th(‘ didhuilties of observation uhieh luive been roferri'd 1o 
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were in the first instance sought to be overcome by placing the 
spark before the object-glass of the telescope. In some respects 
this method appears to be unexceptionable, but there are dis- 
advantages connected with it. The bright lines, under these 
cncumstancea, extend across the star spectrum, and make the 
simultaneous observation of dark lines, which are coincident, 
or nearly so, with them, very difficult. Wlien the spark is 
taken between electrodes, the consequent disturbance of the air 
in front of the object-glass is unfavourable to good definition. 
An important disadvantage arises from the great diminution in 
the brightness of the spark from the distance (10 feet) at which 
it is placed from the slit ; since in consequence of its nearness 
to the ohject-glasa the divergence of the light from it is dimin- 
ished in a small degree only by that lens. It is obvious that, by 
means of a lens of short focal length placed between the spark 
and the object-glass, the light from the ajjark might be rendered 
parallel or even convergent ; but the adjustments of such a lens, 
so that the pencils transmitted by it should coincide accurately 
in direction with the optical axis of the telescope, would be very 
■^ubleBome. When two Leyden jars, connected os one jar, were 
in^rposed, and the spark was taken in air between platiniun 
points, there was visible in the spectroscope only the brightest 
of the lines of the air spectrum, namely, the double line belonging 
to nitrogen, which corresponds to the principal line in the spectra 
of the gaseous nebulsB. When a vacuum-tube coutaiiiiiig hydro- 
gen at a low tension was placed before tbe object-glass, the line 
corresponding to r was seen with sufficient distinctness, but tlio 
line in the red was visible with difficulty. Some observations, 
however, have been made with the spark arranged bofoi’G the 
object-glass. 

The following arrangement for admitting the light from the 
spark appeared to me to he free from the objections wliicdi have 
een referred to, and to be in all respects adapted to nn^ot the 
requirements of the case. In place of the small prism, two 
pieces of silvered glass were securely fixed before the slit at iiu 
angle of 45°. In a direction at right angles to that of tlu' slit 
an openmg of about * mch was left between the pieces of gla^ss 
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for the passage of the pencils from the object-glass. By means 
of this arrangement the spectrum of a star is seen accompanied 
by two spectra of comparison, one appearing above and the other 
below it. As the reflecting surfaces are about 0-6 inch from the 
slit, and the rays from the spark are divergent, the light reflected 
from the pieces of glass will have encroached upon the pencils 
from the object-glass by the time they reach the slit, and the 
upper and lower spectra of comparison will appear to overlap to 
a small extent the spectrum formed by the light from the object- 
glass. This condition of things is of great assistance to the eye 
in foiming a judgment as to the absolute coincidence or otherwise 
of lines. For the purpose of avoiding some inconveniences 
which would arise from glass of the ordinary thickness, pieces of 
the thin glass used for the covers of microscopic objects were 
carefully selected, and these were silvered by iloating them upon 
the surface of a silvering solution. In order to ensure that 
the induction spark should always prcseive the same position 
relatively to the mirror, a piece of sheet gutta-percha was fixed 
above the silvered glass; in the plate of gutta-])ercha, at the 
proper place, a small hole was made of about i^ich in diameter. 
The ebonite clamp containing the electrodes is so fixed as to 
permit the point of separation of these to be adjusted exactly 
over the small hole in the giitta percha. The adjustment of the 
ports of the apparatus was made by closing the end of the 
adapting tube, by which the apparatus is attached to the tele- 
scope, with a diaphragm with a small central hole, before which 
a si)iriUamp was jdaced. Wlaui the lines from the induction 
spark, in the two spectra of comparison, were seem to overlap 
exactly, for a short distance, the lines of sodium from the light 
of the lamp, the adjustment was considered perfect. The 
accuracy of adjustment has been confirmed l)y the exact coinci- 
dence of the three lines of magnesium with the component lines 
of h in the speelrum of the moon. 

In some cases the spectra produced by tlu*. spark are inc-on- 
veiiieiitly bright for comparison with those of the stars and 
nebuhe. If tlie 8])nrk is reduced in i)()wer Ixdow a (terlain ■|)oint, 
many of the lines are not then W(dl (levolo])(‘d. Tlu’ ])lan, 
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therefore, was adopted of diminishing the brightness of the 
spectrum by a wedge of neutral-tint glass, which can be moved 
at pleasure between the plate of gutta-percha and the silvered 
mirror. 

Two eyepieces were employed with the apparatus ; the one 
magnifying four diameters, and the other six diameters 

§ in. Obscrvatimi of Nehulcv.. 

For the greater convenience of reference and of comparison, 
the spectrum of 37 H. IV. Draconis from my paper “ On the 
Spectra of some of the Nebulae”^ has been added (Fig. 66, 
p. 246). The spectrum of this nebula may be taken as 
characteristic, in its general features, of the spectra of aU the 
nebulsB which do not give a continuous spectnim. At present I 
have determined satisfactorily the general characters of the spec- 
tra of about seventy nebulfe. This number forms but a pai’t of 
the much larger list of nebulse which I have examined, but in 
the case of many of these objects their light was found to be too 
feeble for a satisfactory analysis. Of the seventy nebulae about 
one-third give a spectrum of bright lines. The proportion which 
is indicated by this examination, of the nobulce wliich give a 
spectrum of bright lines to those of wliich the spectrum is con- 
tinuous (namely, as one to two), is probably higher than would 
I’esnlt from a wider observation of the objects contained in such 
catalogues as those of Sir John Herschel and Dr. D’An'cst, since 
many of the objects which I examined were specially selected, 
on account of the probability (which was suggested by their form 
or colour) that they were gaseous in constitution. 

All the differences which I have. hitherto observed between 
the spectra of the gaseous nebulae may be regarded as modifica- 
tions only of the typical form of spectrum which is represented 
m the diagram, since they consist of differences of relative 
intensity, of the deficiency of one or two lines, or of the presence 
of one or two additional lines. It is worthy of remark that, so 
far os the nebulae have been examined, the brightest of the tliino 
^ riiil. Trans. 1864 , ]>. 438 . 
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lines, wMch agrees in pesition in the spectrum with the brightest 
of the lines of the spectrum of nitrogen, is present in all the 
nebulje which give a spectrum indicative of gaseity. It is a 
suggestive fact that should not be overlooked, that in no nebula 
which has a spectrum of bright lines has any additional line 
been observed on the less refrangible and brighter side of the 
line common to all the gaseous nebulce* 

The faint continuous spectrum, which in some cases is also 
seen, has been traced in certain nebulse, by its breadth, to a 
distinct brighter portion of the nebula which it is convenient 
still to distinguish by the term “ nucleus,” though at present wo 
know nothing of the true relation of the bright points of the 
nebulce to the more diffused suiTounding portions. 

It must not be forgotten that when gases are rendered 
luiuinous there may usually be detected a faintly luniinous con- 
tinuous spectrum. In the case of several of the nebnho, sueli 
as the annular nebula of Lyra and the Dumb-bell nebula, no 
existence of even a faint continuous spectrum has been yot 
certainly detected. 

The determination of the position in the spectrum of the throe 
bright lines was obtained by simultaneous comparison with the 
lines of hydrogen, nitrogen, and barium. The instniment which 
I employed had two prisms, each with a refracting angle of GO*", 
and the positions of the lines wore trustworthy within the limits 
of about the breadth of the double lino D. 

The olyects which I pro])osGd to myself, in attempting a ro- 
(‘.xainination of some of the iKdmho with the large instrument 
described in this paper, were to d(itermine, first, whether any of 
the ncbuloQ were possessed of a motion which could bo detected 
by a change of refrangibility ; secondly, whether tho coincidcmc^e 
which had been obseiwcd of tho iirst and tli(‘, third line with a 
lino of hydrogen and a lino of nitrogen would be found to hold 
good when sulyectcd to tho lest of a spreading out of tho spec- 
tnim three or four times greater than that under which tlui 
former ohseuwations were made. It would not, it seoTiKul, 1)(! 
(lidieiilt, ill the ease of the detection of a want of coincidence, io 
seiiarate tin', effects of Die two distiiuit Hour(‘('.s referred to, from 
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both of which equally a minute difference of refrangibility 
between the nebular lines and those of terrestrial substances 
might arise. The probability is very great indeed that, in all the 
nebulfe which give the kind of spectrum of which I am speaking, 
the two lines referred to are to be attributed to the same two 
substances, and that therefore, in all these nebulm, they were 
originally of the same degree of refrangibility. On the other 
hand, it is not to be supposed that nebulre situated in different 
positions in the heavens would have a similar motion relatively 
to the earth. An examination of several nebulm would therefore 
show to which of these causes any observed want of coincidence 
was to be attributed. 

The great Ncbvla in Orion . — In my description of this nebula^ 

I stated that the light fium aU the parts of this strangely diver- 
sified object, which were bright enough to be observed with my 
instnuneiit, was resolved into three bright lines similar to those 
represented in the diagram. 

On the present occasion I applied myself in the first place to 
as careful a comparison as possible of the brightest line with the 
corresponding line of the spectmm of nitrogen. 

My first observations were made with the light from the in- 
duction spark taken in pure nitrogen sealed in a tube at a tension 
a little less than that of the atmosphere, which was reflected into 
the instrument, as in my former series of observations, by means 
of a mirror and a small prism. The precaution was taken to 
verify the accuracy of the position of the spectrum of comparison 
relatively to that of the nebula, by placing a small lamj) before 
the object-glass in the way already described. 

The coincidence of the line in the nebula with the brightest of 
the lines of nitrogen, though now subjected to a much more 
severe trial, appeared as perfect as it did in my former obseiwo- 
tions. I expected that I might discover a duplicity in the line 
in the nebula corresponding to the two component lines of the 
line of nitrogen; but I was not able, after long and careful scru- 
tiny, to see the line double. The line in the nebula was narrower 
than the double line of nitrogen: tliis latter may have a]>pcared 
^ Proc, Boy. Soc. vol. xiv. ]). 30. 
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broader in consequence of irradiation, and it was niucli brighter 
than the line in the nebula. 

The following observations are suggestive in connexion with 
the point under consideration. Electrodes of platinum were 
placed before the object-glass in the direction of a diameter, so 
that the spark was as nearly as possible before the centre of the 
lens. The spark was taken in air. I expected to find the spec- 
trum faint, for the reasons which have been stated in a previous 
paragi’aph ; but I was surprised to find that only one line was 
visible in the large spectroscope when adapted to the eye end of 
the telescope. This line was the one which agrees in position 
with the line in the nebula ; so that under these circumstances 
the spectrum of nitrogen appeared precisely similar to the spectra 
of those nebulffi of which the light is apparently monochromatic. 
This rcaeiiiblaiicc was made more complete by the faintness of 
the line; from which cause it appeared iimch narrower, and the 
sepamte existence of its two coiuponents coidd no longer be 
detected. When this lino was observed sinmltaneously with 
that in the nebula, it was found to ai)pGar but a very little 
broader than that line. When the battery circuit was com- 
pleted, the line from the spark coincided so accurately in position 
with the nebular line that the effect to the eye was as if a sudden 
increase of brightness in the line of the nebula had taken place. 
In order to make this observation, and to compare the relative 
appoaraiico of the linos, the tel(^soo])e was moved so that the 
light from the nebula occupied the lower half only of the slit. 
The line of the spark was iiow seen to he a very little broader 
than the line of the nebula, and ap])eared a*s a continuation of it 
in an unbroken straight line. These observations were repeated 
many times on several nights. 

An apparent want of coincidencie, which would be repi'escntecl 
by ()'()2 division of the head of the micrometer screw, would be 
about the smallest difference that could he observed under the cir- 
cuuistanc(>-s under which these observations werii made. At the 
])art of tlie spectrum wheni this line of nitrogen oceurs the angular 
int(*.rval nuMisured by '02 division of the micrometer correspomls 
to a (liffi'renee of wavi‘-li‘ngth of ‘OdOO millionth of a millimetre. 
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At the time the comparisons were made the earth was receding 
from the part of the heavens in which the nebula is situated by 
about half its orbital velocity. If the velocity of light bo taken 
at 186,000 miles per second, and the wave-length of the nitrogen 
line at 600'80 millionths of a millimetre, the effect of half the 
orbital motion would be to degrade the refrangibility of the lino 
by 0-023, an alteration of wave-length which would correspond 
to about O'Ol of the large micrometer head, an interval too small 
to be detected. 

We learn from these observations, that if the line be emitted 
by nitrogen, the nebula is not receding from us with a velocity 
greater than ten miles per second; for this motion, added to that 
of the earths orbital velocity, would have caused a want of 
coincidence that could be observed. Further, that if tho nebula 
be approaching our system, its velocity may be os niuch as twenty 
miles or twenty-five miles per second ; for part of its motion of 
approach would be masked by the effect of the motion of tlic 
earth in the contrary direction. 

The double line in the nitrogen spectrum does not consist of 
sharply defined lines, but each component is nebulous, and re- 
mains of a greater width than the image of the slit.^ Tlu^ 
breadth of these hues appears to be connected with the condi- 
tions of tension and of temperature of the gas. Pliickcr ^ statiis 
that when an induction spark of great heating power is employed 
the lines expand so as to unite and form an undivided band. 
Even when the duplicity exists, the eye ceases to have tho power 
to distinguish the component lines, if the intensity of tho light 
be greatly diminished. 

Though I have been unable to detect duplicity in the corr(i- 
sponding line in the nebula, it might possibly be found to be 
double if seen under more favourable conditions : I incline to the 
belief that it is not double.® 

1 Secchi states that with his direct spectroscope this liuo in tho nnimlar ncluihi 
in Lyra appears double. As the image of tho nohiila is viow’od directly, ufU'r 
^ongation by the cylindrical lens, and without a slit, it is ])rol)al)lo that tho two 
lines may correspond to the two sides of tho clougatcd anuulus of tho iiubiihi. 

2 PhU. Titins 1863, p. 18. 

s “ On the Spectra of the Chemical Elemeiitfl,” Phil. Trans. 18G 1, p. 141. 
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In my Tables of tlio lines of the air^ I estimated the bright^ 
ness of each of the components of the double line in the 
spectrum of nitrogen at 10, and the components of the double 
line next in brightness in the orange at 7 and 5, and those of a 
third double line on the less refrangible side of D at 6 and 4. 
It was with reference to these two double lines next in apparent 
brilliancy that I wrote,® in speaking of the line in the nebula, 
“ If, however, this line were due to nitrogen, we ought to see 
other lines as well ; for there are specially two strong double lines 
in the spectrum of nitrogen, one at least of which, if they existed 
in the light of the nebulse, would be easily visible.^' 

As the disappearance of the whole spectrum of nitrogen, with 
the exception of the one double line, was unexpected, though, 
indeed, in accordance with my previous estimations, I examined 
the spectrum of nitrogen with a spectroscope furnished with one 
prism with a refracting angle of G0°, in which the whole of the 
spectrum from o to G is included in the field of view. I then 
moved between the eye and the little telescope of the si)ectro- 
scope a wedge of neutral-tint glass corrected for refraction by an 
inverted similar wedge of crown glass, and which I had found 
to bo sensibly equal in absorbing power on the different parts 
of the visible spectrum. As the dai’ker paai; of the wedge was 
brought before the eye, the two groups in the orange were quite 
extinguished, while the lines in the green still remained of con- 
siderable brightness. Tlio line which under these circumstances 
remained longest visible, next to the brightest lino, was one more 
refrangible at 2GG9 of the scale of my map. This 6b.servation 
was made with a narrow slit. When the induction spark was 
looked at from a distance of some feet with a direct-vision prism 
held close to the eye, I was surprised to observe that the double 
lino in the orange appeared to me to be the brightest in the 
spectrum j and wken the neutral-tint wedge was interi)osed, this 
line in the orange remained alone visible, aU the other lines 
being extinguished. 

When, however, in place of the simple ])rism a small direct- 
vision spectroscope provided with a slit was employed, I found 

1 Phil. Timis. 18GJ, p. 141. a llml. p. 413. 
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it to be possible, by recediag from the spark, to find a posibion 
in which the double line in the green, with which tho line in the 
nebula coincides, was alone visible, and the spectrum of the 
spark in nitrogen resembled that of a monochromatic nebula. 

It is obvious that, if the spectrum of hydrogen were reduced in 
intensity, the line in the blue, which corresponds to that in tho 
nebula, would remain visible after the line in the red and the linos 
more refrangible than r had become too feeble to affect the eye. 

It therefore becomes a question of much interest whether tho 
one, two, or three, or four lines seen in the spectra of these 
nebulcB represent the whole of the light emitted by these bodies, 
or whether these lines are the strongest lines only of their spectra, 
which, by reason of their greater intensity, have succeeded in 
reaching the earth. Since these nebulse are bodies which have 
a sensible diameter, and in all probability present a continuous 
luminous surface, or nearly so, we cannot suppose that any lines 
have been extinguished by the effect of the distance of these 
objects from us. 

If we had evidence that the other lines which present them- 
selves in the spectra of nitrogen and hydrogen were c[uenched on 
their way to us, we should have to consider their disappearaiKu^ 
as an indication of a power of extinction residing in cosuiical 
space, similar to that which was suggested from theoretical con- 
siderations by Chdseaux, and was afterwards supported on other 
grounds by Olbers and the elder Struve. I'urlUcr, as the lines 
which we see in thenebuloe are precisely those which experiment 
shows would longest resist extinction, at least so fia‘ as resi)cel.H 
their power of producing an impression on our visual organs, we 
might conclude that this absorptive property of s])acc is not 
elective in its action on light, but is of the character of a yenmd 
absorption acting equally, or nearly so, on light of every degi‘i*e 
of relrangibility. Whatever may be the true state of tho case, 
the result of tliis re-examination of the spectrum of this nebula 
appears to give increased probability to the suggestion that 
followed from my former observations, namely, that the sub- 
stances hydrogen and nitrogen are the principal constituents of 
the nebulae of the class under consideration. 
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I now pass to observations of the third line of the nebular 
spectrum, the one which I found to coincide with the line of 
hydrogen which corresponds to Fraunhofer^s i*. The substance 
in the nebulee which is indicated by this line appears to be sub- 
ject to much greater variation in relative brilliancy, or to be more 
affected by the conditions under which it emits light ; for while 
the brightest line is always present, the line of which I am 
speakiog seems to be wholly wanting in some nebulae, and to be 
of different degrees of relative brightness in some other nebulae. 
In the nebula of Orion this line is relatively stronger than in 
37 II. IV. Draconis, and some other nebulae. I have suspected 
that the relative brightness of this line varies slightly in different 
parts of this nebula. It may be estimated perhaps in the nebula 
of Orion at about the brightness of the second line. The second 
line suffers in apparent brilliancy from its nearness to the 
brightest line, and may, without due regard to this circumstance, 
be estimated as brighter than the third line. 

In order to compare the position of the line with that of the 
corresponding line in the spectrum of hydrogen, I employed a 
vacuum-tube containing hydrogen at a very small tension, which 
was placed before the object-glass of the telescope. Under 
these conditions the line appears narrow when the slit is narrow, 
without any sensible nebulosity at the edges. The character of 
the lino is altered, as has been shown by Pliicker, when hydrogen 
at the atmospheric pressure is employed : the lino then expands 
into a nebulous band of considerable width, even with a very 
narrow sht. Such a condition of the line is obviously unsuitable 
for ilie delicate comparisons which it was proposed to attempt. 
The narrow, sharidy-dcfiucd lino of hydrogen, when the 
vacuum-tube was before the slit, was observed to coincide per- 
fectly in position with the third lino of the nebula. This 
observation, which shows the coincidence of Iheso lines with an 
accuracy tliroe or four times as gi’eat as my former observations, 
increases in the same ratio the probability that iho line in the 
nebula is really due to luminous hydrogen. 

I suspect that, although the third line in this nebula may 
impress the eye as strongly as the second line, yet it is not so 

u 
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narrow and well defined as that line. If this suspicion be 
correct, this condition of the line might indicate that the 
hydrogen exists at a rather greater tension than that in the so- 
called vacuum-tubes, but that it is not nearly so dense os would 
correspond to the atmospheric pressure at the surface of the 
earth. As, however, the character of the lines of hydrogen is 
also greatly modified by temperature, it is not possible to reason 
'with any certainty as to the state of things in this distant object, 
the light of which we have now under examination. 

I am’ atUl unable to find any terrestrial line which corresponds 
to the middle Ime. I have made the additional observation that 
the line in the nebula is in a very slight degree less refrangible 
than the line of oxygen at 2060 of the scale of my map. It is 
in a rather larger degree less refrangible than the strong line of 
barium at 2075 of my scale. 

Several other nebulse have been observed with the large spec- 
troscope: I prefer, however, to re-examine these objects before 
I publish any observations of them. 

§ IV. Ohsm^ations of Stars, 

The chief difficulties which I have had to encounter have 
arisen from the unsteadiness of our atmosphere. There is 
sufficient light from stars of the first and second magnitude for 
the large spectroscope described in this paper, and, so far as the 
adjustments of the instrument are concerned, the lines in the 
spectra of the stars would be well defined. Unless, however, the 
air is very steady, the lines are seen too fitfully to permit of any 
certainty in the determination of coincidences of the degree of 
delicacy which is attempted in the present investigation. 1 have 
passed hours in the attempt to determine the position of a single 
line, and have then not considered that the numerous observa- 
tions which I had obtained were possessed, even collectively, of 
sufficient weight to establish with any certainty the coincidence 
of the line with the one compared with it. 

I prefer, therefore, to reject a large number of observations 
which appear unsatisfactory from this cause, and to give in this 
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place a very few of the most trustworthy of the ohservations 
which T have made. 

Sirius . — The brilliant light of this star and the gi'eat intensity 
of the four strong lines of its spectrum make it especially 
suitable for such an examination. The low altitude of this star 
in our latitude limits the period in which it can be successfully 
observed to about one hour on each side of the meridian. 

I have confined myself to comparisons of the strong line in 
the position of B* with the corresponding line of the spectrum 
of hydrogen. My first tiials were made with hydingen at the 
ordinary atmospheric pressure : the width of the band of 
hydrogen, und(*.r these circumstances, was greater than the line 
of Sirius. This line in Sirius, from some cause, is narrower 
relatively to the length of the spectrum, wdien considerable 
dispersion and a narrow slit are employed, than when the image 
of the star, rendered linear by a cylindrical lens, is observed with 
a single prism.^ (See Fig. 71, p. 250.) 

When the largo spectroscope was employed, I estimated the 
breadth of the line to be about equal to that of the double line 
D. In Kirchhoirs map the line F of the solar spectrum is 
represented os a little more than one-fourth of the interval 
separating the lines i). When the spectroscope attached to the 
telescope was directed to the moon, the line F appeared even 
narrower than it is represented in Kirchhofl‘*B map ; I estimated 
it at about one-sixth of the a])paront breadth of the correspondmg 
lino in the spectrum of Sirius. The character of the line agi'ecH 
precisely with the line of hydrogen under certain conditions of 
tension and temperature. 

As it was obviously im])ossiblo to determine with the required 
accuracy the coincidence of the Ihie of Sirius when the mucli 
broader band of hydrogen at the ordinary pressure was compared 
with it, I employed a vacuum-tube fixed before the object-glass. 
In all these observations the slit used was as narrow as possible. 
The air at the time of the present observations was more 
favourable than usual, and the line in Sirius was seen with great 
distinctness. The line from the Hi)ark ai)pearcd, in comparison, 
i Spj* Phil. TrnnH. p. 

IT 2 
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veiy narrow, not more than ahont one-fifth of the width of the 
line of Siriufl. When the battery circuit was completed, the line 
of hydrogen could be seen distinctly upon the dark line of 
Sirius. The observation of the comparison of the lines was 
made many times, and I am certain that the narrow line of 
hydrogen, though it appeared projected upon the dark line in 
Sirius, did not coincide with the middle of the Hne, but crossed 
it at a distance from the middle, which may be represented by 
saying that the want of coincidence was apparmtly equal to 
about one-third or one-fpurth of the interval separating the 
components of the double line n. I was unable to measure 
directly the distance between the centre of the line of hydrogen 
and that of the line in the spectrum of Sirius, but several very 
careful estimations by means of the micrometer give a value for 
that distance of 0*040 of the micrometer head. Tlris value is 
probably not m error by so much as its eighth part. 

Comparisons on many other nights were also made, sometimes 
with the vacuum-tube before the object-glass, and sometimes 
with the vacuum-tube placed over the small hole in the guttEi- 
percha plate. On all these occasions the numerous compari- 
sons which were made gave for the line in Sirius a very slightly 
lower refrangibility than that of the line of hydrogen, but on 
no one occasion was the air steady enough for a satisfactory 
determination of the amount of difference of refrangibility. 

I have not been able to detect any probable source of error 
in this result, and it may therefore, I beUeve, bo received as 
representing a relative motion of recession between Sirius and 
the earth. 

The probability that the substance in Sirius by which this 
line is produced is really hydrogen is strengthened almost to 
certainty by the consideration that there is a strong line in the 
red part of the spectrum which is also coincident with a strong 
line of hydrogen There is a third line more refrangible than F, 
which appears to coincide with the line of liydrogen in that part 
of the spectrum. 

Ab the line in Sirius is more expanded than that of tlio 
vacuum-tube, it seemed of importance to have proof from experi- 
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ment that this line of hydrogen, when it becomes broad, expands 
eq[ually in both directions. I made the comparisons of the 
narrow line of the vacuum-tube with the more expanded band 
which appears when denser hydrogen is employed. For this 
purpose the intersection of the wires of the eyepiece was brought, 
as nearly as could be estimated, upon the middle of the expanded 
line which is produced by dense hydrogen. The vacuum-tube 
was then arranged before the slit, when the narrow line which it 
gives .waa observed to fall exactly upon the point of intersection 
of the wire. Under these terrestrial conditions the expansion of 
the line may be considered to take place to an equal amount in 
both directions. There is very great probability that a similar 
equal expansion takes place under the conditions which determine 
the absorption of light by this gas in the atmosphere of Sirius, 
for the reason that the nebulosity at the edges of the line in the 
spectrum of that star is sensibly equal on both sides. 

I made some attempts to compare the strong line at o with 
the corresponding line of liydrogen ; but when the largo si)ec- 
troscope was employed, though the lines could be seen with 
tolerable distinctness, they were not bright enough to admit of 
a trustworthy determination of their relative position. When 
one of the compound prisms was removed, the lines were much 
more easily seen, but under those circumstances the amount 
of dispersion was insufliciont for my present puxposo. 

The lines of Sirius which, in conjunction with l)r. Miller, 1 
had compared with those of iron, magnesium, and sodium, ai‘e 
not sufficiently well seen in our latitude for comparison when a 
powerful train of prisms is employed, such as is necessary for 
this special inquiry. 

From these observations it may, I think, be concluded that the 
substance in Sirius which ])roduces the strong lines is really 
hydrogen, as was stated by Dr, Miller and myself in our former 
I)aper. Further, that the aggregate result of the motions of the 
star and the earth in space, at the time when the observations 
were made, was to degiude the refrangibility of the line in Sirius 
by an amount corresponding to 0*040 of the micrometer screw. 
Now the value of the wave-lengths of 0 01 division of the 
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micrometer at the position of P is 0*02726 millionth of a 
millimetre.^ The total degradation of refrangihility observed 
amounts to 0*109 millionth of a millimetre. If the velocity of 
light he taken at 185,000^ miles per second, and the wave-length 
of p at 486-50 millionths of a millimetre (Angstrdm’s value is 
486-62, Ditscheiner's 486-49), the observed alteration in period 
of the line in Sirius will indicate a motion of recession existing 
between the earth and the star of 41*4 miles per second. 

Of this motion a part is due to the earth’s motion in space. 
As the earth moves roimd the sun in the plane of the ecliptic, it 
is changing the direction of its motion at every instant. There 
are two positions, separated by 180°, wliere the effect of the 
earth’s motion is a maximum, namely, when it is moving in the 
direction of the visual ray, either towards or from the star. At 
two other positions in its orbit, at 90° from the former positions, 
the earth’s motion is at right angles to the direction of the light 
from the star, and therefore has no influence on its refrangihility. 

The effect of the earth’s motion will be greatest upon the light 
of a star situated in the plane of the ecliptic, and will decrease 
as the star’s latitude increases, until, with respect to a star 
situated at the pole of the ecliptic, the earth’s motion during the 
whole of its annual course will be perpendicular to the direction 
of the light coming to us from it, and will be therefore without 
influence on its period. 

^ The value m wave-lengthfl of the diviaiona of the micrometer for dilfcrent parts 
of the apectnim was determined by the aid of the tablea of the wavc-leugtha 
correaponding to every tenth line of KirchholT’s map by Dr. Wolcott Gibbs 
(SiUiman’s JoumaJ, voL xliiL January 1807). A paper on the same subject by 
the Astronomer Royal, presented to the Royal Society, is not yet in print. The 
Astronomer Royal’s paper is contained in the Philosophical Transactions for 1808, 
Part 1. p. 29. The wave-lengths computed by him differ slightly from those 
assigned to Kirdihoff *b numbers by Dr. Gibbs at the part of the spectrum xmtler 
consideration in the text. The difference is due in part to the enii)l<)yin«nt, by 
the Astronomer Royal, of Ditscheiner’s later measures. These give for f the 
higher value of 486-87.— October 1868. 

9 The new detennination of the value of the solar parallax hy obaorvtitions of 
Mara requires that the usually received velocity of light, 192,000 miles per second, 
should be reduced by about the one twenty-seventh pai-t. The velocity, when 
diminished in this ratio, agrees nearly with the result obtained by Foucault from 
direct experiitiont. 
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That part of the earth's resolved motion which is in the 
direction of the visual ray, and which has alone to he considered 
in this investigation, may he obtained from the following 
formula ; 

Earth’s motion towards star = v, cos X. sin (Z — Z'), 
where v is earth’s velocity, I the earth’s longitude, V the star’s 
longitude, and X the star’s latitude. 

At the time when the estimate of the amount of alteration of 
period of the line in Sirius was made the earth was moving 
from the star with a velocity of about twelve miles per second. 

Tliefre remaim UTUiccounted for a motion of recession from the 
earth amounti/ng to 29 ’4 miles per sccondi which we appear to le 
entitled to attriJncte to Sirvas. 

It may be not unnecessary to state that the solar motion in 
space, if accepted as a fact, will not materially affect this result, 
since, according to M. Otto Struve’s calculations, tho advance of 
the sun in space takes place with a velocity but little greater 
than one-fourth of the earth’s motion in its orbit. If the apex 
of tho solar motion bo situated in Hercules, nearly the whole of 
it will be from Sirius, and wUl therefore diminish the velocity 
to be ascribed to that star. 

It is interesting, in connexion with the motion of Sirius 
deduced from tiicse prismatic obsoiwations, to refer to the 
remarkable inequalities which occur in the rather large proper 
motion of that star. In 18C1 M. I’eters^ showed that tho 
variable part of the proper motion of Sirius in right ascension 
might be represented by supposing that Sirius revolves in an 
elliptic orbit, round some centre of gravity without itself, in a 
period of 50*093 years. This liypothesis has acquired new 
interest, and seems indeed to have received confirmation from 
direct observation by Alvan Clark’s discovery of a small 
companion to Sirius. 

Professor Salford ^ and Dr. Auwers^ have investigated the 

^ Aatron. Nacliriclitoii, No. 748. 

* ProcoodiugB of tho Amoricau Academy, vol. vi. ; also Aatron. Notices, Ann 
Arbor, No. 28; Monthly Noticos, vol, xxii. p. 145. 

® Aatron. Nachrichtou, No. 1606 ; Monthly NoUccb, vol, xxii. p. 148, and vol. 
XXV. p. 39. 



296 


SPECTRUM ANALYSIS, 


[lbot. vt. 


periodical variations of the proper motion of Sirius in decli- 
nation, and they have found that these variations, equally 'with 
those in right ascension, would be reconcileable with an elliptic 
orbital motion round a centre not in Sirius. The close coinci- 
dence of the observed positions of the new satellite with those 
required by theoiy seems to show that it may be the hypothetical 
body suggested by Peters, though we must then suppose it to 
have a much greater mass relatively to Sirius than that which 
its light would indicate. 

At the present time the proper motion of Sirius in decimation 
is less than its average amount by nearly the whole of that part 
of it which is variable. May not this smaller apparent motion 
be interpreted as showing that a part of the motion of the star 
is Tum in the direction of the visual ray t Tins circumstance is 
of much interest in connexion with the result arrived at in this 
paper. 

Independently of the considerations connected with the vari- 
able part of the staris proper motion, it must not be forgotten 
that the whole of the motion which con be directly observed by 
us is only that portion of its real motion which is at right angles 
to the visual ray. Now it is precisely the other portion of it, 
which we could scarcely hope to learn from ordinary observations, 
which is revealed to us by prismatic investigations. By com- 
bining the results of both methods of research we may perhaps 
expect to obtain some knowledge of the real motions of the 
brighter stars and nebulae. 

It seems therefore desirable to compare with the result 
obtained by the prism the motion of Sirius which corresponds 
to its assumed constant proper motion. The values adopted by 
Mr. Main,^ and inserted by the Astronomer Royal in the 
Greenwich ‘'Seven-year Catalogue,” are - 0"*035 in E,A. and 
+ l"-24 in N.P.D. 

The parallax of Sirius from the observations of Ilendorson, 
corrected by Bessel, c=0^"'150. A recent investigation by 
Mr. C. Abbe^ gives for the parallax the larger value of 0"*27. 

^ Memoirs of the Royal AHtronomical Society, vol. six. 

* Monthly Notices of the Royal Astronomical Society, vol. xxviii, p. 2. 
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If the radius of the earth’s orhit he taken at its new value of 
91,600,000 miles, the assumed annual constant proper motion 
in N.P.D. of 1"’24 would indicate, with the parallax of 
Henderson, a velocity of Sirius of twenty- four miles nearly per 
second ; with the larger pjirallax of Mr. Abbe, a velocity of 43-2 
miles per second. It may be that in the case of Sirius we have 
two distinct motions; one peculiar to the star, and a second 
motion which it may share in common with a system of which 
it may form a part. 

Observations and comparisons, similar to those on Sirius, have 
been roade on a Oanis Minoris, Castor, Betelgeux, Aldebaran, 
and some other stars. I reserve for the present the results 
which I have obtained, as I desire to submit these objects to a 
re-examination. It is seldom that the air is sufficiently favourable 
for the successful prosecution of this very delicate research. . . 

§ VI. Observations of Comet IL 1868. 

On June 13 a comet was discovered by Dr, Winnecke, and 
also independently the same night by M. Becquet, Assistant 
Astronomer at the Observatory of Marseilles. 

I was prevented by buildings existing near my observatory 
from making observations of this comet before June 22. On 
tliat evening the comet was much brighter than Brorsen’s comet, 
a description of the spectrum of which I recently presented to 
the Koyal Society,' and it gave a spectrum sufliciently distinct 
for measurement and comparison with the spectra of terrestrial 
substances. 

Telescopic Appearance of the Comet — A representation of the 
comet as it appeared on June 22 at 11 p.m. is given in Fig. 
09, p. 252. The comet consisted of a nearly circular coma, 
which became rather suddenly brighter towards the centre, 
where there was a nearly round spot of light. The diameter of 
the coma, including the exterior faint nebulosity, was about 
6' 20''. The tail, which was traced for more than a degree, was 
sharply defined on the following edge, but faded so gradually 

^ Proc. lloy. Soc. vol. xvi. p. 380. 
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away on the opposite side that no limit could be perceived. No 
connexion was traced between the tail and the brighter central 
part of the coma The circular form of the coma was uninterrupted 
on the side of the tail, which appeared as an extension of the 
faint nebulosity which formed the extreme margin of the comeu 

The bright roundish spot of light in the centre, when exa- 
mined with eyepieces magnifying from 200 to 600 diameters, 
presented merely a nebulous light without a defined form, 

SpectTvm of the Comet . — When a spectroscope furnished with 
two prisms of 60 ^ was applied to the telescope, the light of the 
comet was resolved into three very broad bright bands, which 
are represented in the diagram. (Fig. 68.) 

In the two more refrangible of these bands the light was 
brightest at the less refrangible end, and gradually diminished 
towards the other limit of the bands. This gradation of light 
was not uniform in the middle and brightest band, which 
contmued of nearly equal brilliancy for about one-third of its 
breadth from the less refrangible end. This band appeared to 
be commenced at its brightest side by a bright line. 

The least refrangible of the three bands did not exhibit a 
similar marked gradation of brightness. This band, though of 
nearly uniform brilliancy throughout, was perhaps brightest 
about the middle of its breadth. 

These characters, which are peculiar to the light emitted by 
the cometary matter, must be distinguished from some a^jpear- 
ances which the bands assumed in consequence of the mode of 
distribution of the light in the coma of the comet. The two 
more refeangible bands became narrower towards their most 
refrangible side, as well as diminished in brightness. This 
appearance was obviously not due to any dissimilarity of the 
light in the parts of the coma, but to the circumstance that, as 
the light of the coma became brighter towards the centre, it was 
emitted by a smaller area of the cometary matter. The strong 
light of the central spot coidd be traced the whole breadth of 
the band ; but the light surrounding this spot, in proportion as 
it became fainter and broader, was seen for a shorter distance, so 
that the light from the faintest parts near the margin of the 
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coma was visible only at the brightest side of the band. Since 
in the least refrangible band a similar gradation of light did 
not take place, this band appeared of nearly the same width 
throughout. 

The increasing brightness of the coma up to the brilliant spot 
in the centre showed itself in this band as a bright axial line 
fading off gradually in both directions. 

On tins evening I took repeated measures of the positions of 
these bands with the micrometer attached to the spectroscope. 
These measures give the following numbers for the commence- 
ment and termination of the tlixee bands on the scale adopted in 
the diagram : — 

First bond | Second band | Third band | 

I could not resolve the bands into lines. Wlien the slit 
was made narrower, the bands became smaller both in breadth 
and length, from the invisibility of the fainter portions. I 
suspected, however, the presence of two or three bright lines in 
the bright central part of the middle band near its less refran- 
gible limit. This part would consist chiefly of light from the 
bright central spot. 

As has been stated, the middle band commences probably with 
a bright line ; for the limit of the band is here abrupt and dis- 
tinct. On the contrary, the exact point of commencement and 
termination of the other bands could not be observed with 
certainly. 

I could perceive no other bands, nor light of any kind beyond 
the three bands, in the parts of the spectnim towards the red 
and the violet. 

When the marginal portions of the coma were brought upon 
the slit, the three bands of light could still be traced. When, 
however, the spectrum became very faint, it appeared to me to 
become continuous ; but the light was then so very feeble that 
it could not be traced beyond the three bands towards the violet 
or the red. 

On this evening I observed the spectrum of the comet in a 
larger spectroscope, which gives a dispersion equal to aboxit five 
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prisms. In this instrument the middle band was well seen. It 
retained its nebulous, unresolved character, and the abrupt 
commencement, as if by a bright line, already mentioned, was 
distinctly seen. 

Por convenience of comparison, the spectrum of Brorsen’s 
comet, and that of tlie gaseous nebulss, have been added to the 
diagram, Fig. 68. The spectrum of Brorseu’s comet consisted 
of three bright bands and a faint continuous spectrum. These 
bands appeared, as represented in the diagram, narrower than 
those of the comet now under examination. It is not possible 
to say to what extent this circumstance may be due to 
the much feebler light of this comet Though the bands of 
Brorsen’s comet fall within the limits of position occupied by 
the broad bands of Oomet II., they do not correspond to the 
brightest parts of these bands. In the middle bond I suspected 
two bright lines which appeared shorter than the band, and may 
be due to the nucleus, Brorsen’s comet differed from the two 
small comets which I had previously examined ^ in the much 
smaller relative proportion of the light which forms a continuous 
spectrum. In Broraen’s comet the bright middle part of the 
coma seemed to emit light similar to that of the nucleus • in the 
other comets the coma appeared to give a continuous spectrum. 
The three comets resembled each other in the circumstanco 
that the light of the central part was omitted by the cometary 
matter, while the surrounding nebulosity reflected solar light 

It ^ will he seen in the diagram that the bands of Brorsen’s 
comet and those of Comet 11. occupy positions in the spectrum 
widely removed from those in which the lines of the nebulm 
occur. The spectra of gaseous nehulm consist of true lines, 
which become narrow os the slit is made narrower. 

The following day I carefully considered these observations 
of the comet with the hope of a possible identification of its 
spectrum vdth that of some terrestrial substance. Tlie spectrum 
of the comet appeared to me to resemble some of the forma of 
the spectrum of carbon which I hEid observed and carefully 

1 Oomet 1. 1866, Proceedings, vol. xv. p. 5 ; and Coinot 1867, Montlily Notices 
of Royal Astronomical Society, vol. xxvii. p. 288. 
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measured in 1864. On comparing the spectrum of the comet 
with the diagram of these spectra of carbon, I was much inter- 
ested to perceive that the positions of the bands in the spectrum, 
as well as their general characters and relative brightness, agreed 
exactly with the spectrum of carbon when the spark is taken in 
olefiant gas. 

These observations on the spectrum of carbon were under- 
taken in continuation of my researches “ On the Spectra of the 
Chemical Elements.” ^ 1 have not presented them to the Eoyal 
Society, as they are not so complete as I hope to make them. 

Though the essential features of the spectrum of carbon 
remained unchanged in all the experiments, certain modifications 
were observed when the spectrum was obtained under different 
conditions. One of those modifications, which was referred 
to in my paper " On the Spectra of the Chemical Elements,” ^ 
may be mentioned here. One of the strongest of the lines of 
carbon is a line in the red a little less refrangible than the 
hydrogen line, which corresponds to Fraunhofer’s o. Now this 
Une is not seen when the carbon is subjected to the induction 
spark in the presence of hydrogen. Two of the other modifica- 
tions of the spectrum of carbon are given in Fig. 68. The first 
spectnim represents the appearance of the spectrum of carbon 
when the induction spark, with Leyden jars intercalated, was 
taken between the points of wires of platinum sealed in glass 
tubes, and placed almost in contact in oUve-oil, In this spectrum 
are seen the principal strong lines which distinguish carbon. The 
shading of fine lines which accompanies the strong lines cannot 
be accurately represented, on account of the small size of the 
diagram. A spectrum essentially the same is produced when 
the spark is taken in a current of cyanogen. It may be 
mentioned that when the heating power of the spark was 
reduced below a certain limit, though the decomposition of the 
oil stiU took place, the carbon was not volatilized, and the 
spectrum was continuous. 

The third spectrum in the diagram represents the modification 
of this typical spectrum when the induction spark is taken in 
1 riiil. Tiutib. 18C4, p. 139. “ Ibid. p. 146. 
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a current of olefiant gas. The highly-heated vapour of carbon 
emits light of the same refrangibilities as iu the case of the oil ; 
but the separate strong lines, with a similar power of spark, 
were no longer to be distinguished. The shading, when the 
carbon was obtained from the olefiant gas, was not composed of 
numerous fine lines, but appeared as an unresolved nebulous 
light. 

Of course in all these experiments the lines of the other 
elements present were also seen, but they were known, and could 
therefore be disregarded. 

In the case of the spark in olefiant gas, the three bands in the 
diagram constitute the whole spectrum, with the exception of a 
faint band in the more refrangible part of the spectrum* 

It was with the spectrum of carbon, as thus obtained, that the 
spectrum of the comet appeared to agree. It seemed, therefore, 
to be of much importance that the spectrum of the spark in ole- 
fiant gas should be compared directly in the spectroscope with 
the spectrum of the comet. The comparison of the gas with the 
comet was made the same evening, June 23. 

My friend, Dr. William Allen Miller, visited the observatory 
on this evening, and kindly took part in the following obser- 
vations. 

The general arrangements of the apparatus with which the 
comparison was made is shown in the following diagram (Fig. 73). 

A glass bottle converted into a gas-holder, a, contained tlie 
olefiant gas. This was connected by means of a flexible tube &, 
into which were soldered two platinum wires. The part of the 
tube in iront of the points of the wires had been cut away, and 
the surfaces carefully ground, A small plate of glass closed 
the opening, being held in its place by a band of vulcanized 
indiarubber. This tube was arranged in its proper position 
before the small mirror of the spectroscope by which the liglit 
of the spark was reflected into the instrument, and its spectrum 
was seen immediately beneath the spectrum of the comet The 
spectroscope employed was fuimished with two prisms of G0°. 

The brightest end of the middle hand of the cometic spectrum 
was seen to be coincident with the commencement of the corre- 
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sponding band in the spectrum of the spark. As this limit of 
the band was well defined in both spectra, the coincidence could 
be satisfactorily observed up to the power of the spectroscope, 
and may be considered to be determined within about the 
distance which separates the components of the double line n. 
As the limits of the other bands were less distinctly seen, the 
same amount of certainty of exact coincidence could not be 
obtained. We considered these bands to agree precisely in 
position with the bands corresponding to them in the spectrum 
of the spark. 



riGL 73. 


Tlie apparent identity of the spectrum of the comet with that 
of carbon rests not only on the coincidence of position in the 
spectrum of the bands, but also upon the very remarkable 
resemblance of the corresponding bands in their general charac- 
ters, and in their relative brightness. This is very noticeable in 
the middle band, where the gradation of brightness is not 
uniform. This band in both spectra remained of nearly equal 
brightness for the same proportion of its length. 

Oil a subsequent evening, June 25, I repeated these com- 


304 


SPUOTRUM ANALYSIS. 


[riHOT. n. 


parisons, when the former observations were fully confirmed in 
every particular. On this evening I compared the brightest 
band with that of carbon in the larger spectroscope, which gives 
a dispersion of about five prisms. 

The remarkably close resemblance of the spectrum of the 
comet to the spectrum of carbon necessarily suggests the identity 
of the substances by which in both cases the light was emitted. 

It may be well to state that some phosphorescent and fluo- 
rescent bodies give discontinuous spectra, in which the light is 
restricted to certain ranges of refrangibility. There are, how- 
ever, several considerations which seem to oppose the idea that 
the light of conjets can be of a phosphorescent character. 
Phosphorescent bodies are usually so highly reflective that the 
phosphorescence emitted by them is not seen so long as they are 
exposed to light. This comet was still in the full gleire of the 
sun, and yet the continuous spectrum corresponding to reflected 
solar light was of extreme feebleness compared with the three 
bright bands which we have tmder consideration. The pheno- 
menon of phosphorescence seems to be restricted to bodies in 
the solid state, a condition which is not apparently in accordance 
with certain phenomena which have been observed in large 
comets, such as the outflow of the matter of the nucleus and the 
formation of successive envelopes. 

There are, indeed, some phenomena of fluorescence, such as 
that of a nearly transparent liquid becoming an object of some 
brightness by means of the property which it possesses of absorb- 
ing the nearly invisible rays of the spectrum, and dispersing 
them in a degraded and much more luminous form, which are 
less obviously inconsistent with cometary phenomena than are 
those of phosphorescenca 

The violent commotions and internal changes which we witness 
in comets when near the sun seem, however, to connect the great 
brightness which they then assume more closely with that part 
of the solar force we call heat. There is also to be considered the 
fact of the polarized condition of the light of the tail and some 
parts of the comae of comets, which shows that a part of theii* 
light is reflected. 
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The observations of the spectnim of Comet II. contained in 
this paper, which show that its light was identical with that 
emitted by highly-heated vapour of carbon, appear to be almost 
decisive of the nature of cometary light. The great fixity of 
carbon seems indeed to raise some difficulty in the way of 
accepting the apparently obvious inference of these prismatic 
obsei-vations. Some comets have approached the sun sufficiently 
near to accpiiro a temperature high enough to convei-t even car- 
bon into vapour.^ Indeed for these comets a body of great fixity 
seems to be necessary. In the case of comets which have been 
submitted to a loss fierce glare of solar heat, it may bo suggested 
that this supposed difficulty is one of degree only ; for we do not 
knovT of any conditions under which even a gas, permanent at 
the temperature of the earth, could maintain sufficient heat to 
emit light, a state of things which ai)peai'3 to exist ])ermanently 
in the case of the gaseous uebuho. 

If the substance of the comet bo taken to bo pure carbon, it 
wwld appear probable that the nucleus had been condensed from 
the gaseous state in which it existed at some former period. It 
would therefore probably consist of carbon in a state of ex- 
cessively minute division. In such a form it would be able to 
lake in nearly the whole of the sun’s energy, and thus acquire 
more speedily a tempemtiiro high enough for its conversion into 
vapour. Ill the Ihpiid or gaseous state, or in a continuous solid 
state, this substance a])pear.s, from Dr. Tyndall’s researches, to be 
diatliormaiious. Still, uiKlcr the most favourable of known 
conditions, the solar heal, to wliicli tlic majority of comets ai'o 
subjected, would seem to be inadecpinh* to the production of 
luminous vajxuir of carbon. 

It should bo stated that olefiant gas when burnt in air may 
give a similar spectmm of shaded bauds. If the gas be ignited 

1 The oomot of 184Ii “ ftpproacliod the himiuoiiH surfai'O of tbo fain within about 
n spvimtli i)nrt of tbr fluii’fl radiufl. Thu bunt to which the comet was subjected 
(a gltu'o ns that of 47,000 huiih, such as wo experience the wnnntli of) surpassed 
tliat ill the focus of Parker’s grout lens in the iiroportion of 214 to 1 without, or 
34 to 1 with, tin* conccniiMling lens. Yol Ihnt Ipur so used melted cornelian, 
agate, and rock-cryHiiil.”— Hiu John llKnsniKL, (httVnm of jinironwny, 7th 
edit, p. 401. 
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at the ori6.ce of the tube from which it issues, the flame is 
■brilliantly white, and gives a continuous spectrum. When a jet 
of air is directed through the flame, it becomes less luminous, and 
of a greenish-blue colour. The spectrum is now no longer con- 
tinuous, but exhibits the bands distinctive of cai‘bon. Under 
these circumstances, for obvious reasons, the bright lines of the 
hydrogen spectrum are not seen. In this way a spectrum re- 
sembling that of the comet may be obtained, with the diflerence 
that the fourth more refrangible band, which was not seen in the 
cometic spectrum, is stronger relatively to the other bands than 
is the case when the spark is taken in olefiant gas. If we were 
to conceive the comet to consist of a compound of carbon and 
hydrogen, we should diminish in some dc^gree the necessity for 
the excessively high temperature which pure carbon appeal's to 
require for its conversion into luminous vapour: but other 
difficulties would arise in connexion with the decomposition we 
must then suppose to take place ; for we have no evidence, I 
believe, that olefiant gas or any other known compound of carbon 
can furnish this peculiar spectrum of shaded bauds without 
undergoing decomposition. If, indeed, it were allowable to 
suppose a state of combustion, with oxygen or some other 
element, set up hy the solar heat, we should have an explanation 
of a possible source of a degi’ee of heat sufficient to render tlio 
cometary matter luminous, and which the sun’s heat would he 
directly inadequate to produce. 

There is one observation made by Bunsen which appears to 
stand as an exception to the rule that only bodies in the gaseous 
state give, when luminous, discontinuous spectra. Bunsen dis- 
covered that solid erbia, when heated to incaiidescoiice, gives a 
spectrum containing bright hands. It is therefore conceivabh*, 
though all the evidence we possess from experience is opposed to 
the supposition, that carbon might exist in some form in which 
it would possess a similar power of giving a discontinuous 
spectrmn without volatilization. There is the further ohjoctioii 
to this hypothesis, that the telescopic phenomena observed in 
comets appear to show that vaporization does usually take ])lac(i. 

However this may he, a state of gas appears to accord witli the 
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very small power of reflexiou whicli tlie matter of the coma of 
this comet possesised, as was shown by the great faintness of the 
continuous spectrum. 

A remarkable circumstance connected with .comets is the 
great transparency of the bright coinetary matter. The most 
remarkable instance is that of Miss Mitchell’s comet in 1847, 
which passed centrally over a star of the fifth magnitude. The 
star’s light appeared in no way enfeebled : yet such a star would 
be completely obliterated by a moderate fog extending a few 
yards from the surface of the earth.” ^ We do not know what 
amount of transparency is possessed by the vapour of carbon, 
but the absence of a continuous spectrum seems to show that, as 
it existed in the comet, it was almost perfectly transparent. The 
light of a star would suffer, therefore, only that kind and degree 
of absorption which corresponds with its power of radiation, as 
shown by its spectrum of bright lines. As these occur in the 
brightest part of the spectrum, we should expect a noticeable 
diminution of the star’s light, if it were not for the luminous 
condition of the gas, in consequence of which it would give back 
to the beam light of precisely the same refrangibilities as it had 
taken, and so enable the part of the field occupied by the image 
of the star to appear of its original brightness, or nearly so. 
This state of things would not prevent an apparent diminution 
of the star’s light from the effect upon the eye of the brightness 
of the surrounding field. In the case of the tails of comets, the 
great transparency observed is more probably to be referred to 
the widely-scattered condition of the minute particles of the 
cometaiy matter. 

I may be pennitted to repeat here a paragraph from my paper 
on the Spectrum of Comet I. 1866.^ 

“Terrestrial phenomena would suggest that the parts of a 
comet which are bright by reflecting the sun’s light are probably 
in the condition of fog or cloud. 

“We know, from observation, that the comae and tails of 
comets are formed from the matter contained in the nucleus.^ 

1 Outlines of Astronomy, p. 378. ® Vvoc. Roy. Sue. vol. xv, p. 5. 

y "Hic head of Halley’s eomet in 1885 in a telcsrope of great power ** exhibited 

X 2 



308 


SPJSOTRVM ANALYSIS, 


[LKCT. VI. 


'‘The usual order of the phenomena which attend the for- 
mation of a tail appears to he that, as the comet approaches the 
sun, material is thrown off, at intervals, from the nucleus in the 
direction towards the sun. This material is not at once driven 
into the tail, hut usually forms in front of the nucleus a dense 
luminous cloud, into which for a time the bright matter of the 
nucleus continues to stream. In this way a succession of 
envelopes may he formed, the material of which afterwards is 
dissipated in a direction opposite to the sun, and fonns the tail. 
Between these envelopes dark spaces are usually seen. 

“ If the matter of the nucleus is capable of forming by con- 
densation a cloudlike mass, there must be an intermediate state 
in which the matter ceases to be self-luminous, but yet retains 
its gaseous state, and reflects but little light. Such a noii- 
luminous and transparent condition of the cometary matter may 
possibly be represented by some at least of the dark spaces 
which, in some comets, separate the cloudlike envelopes from 
the nucleus and from each other.” 

Now considerable differences of colour have been remarked in 
the different parts of some comets. The spectrum of this comet 
would show that its colour was hluish green. Sir W. llcrsche.l 
described the head of the Comet of 1811 to he of a greeuxish or 
bluish-green colour, while the central point appeared to be of a 
pale ruddy tint The representations of Halley’s comet at its 
appearance in 1835, hy the elder Struve, are coloured l)luish 
green, and the nucleus on October 9 is coloured reddish-yellow. 
He describes the nucleus on that day thus : — “Her Kern zeigle 


the appparnnee of jots as it were of flamo, or rather of linniiious flniohe, lihe a 
fiin-lif^ht Theao varied from day to day, ns if wavering haokwarda and forwanlH, 
as if they were thrown out of particular parts of the internal nntdciis or keniol, 
which shifted round, or to or fro, by their recoil, like a squib not ludd faflt. Tin* 
bright smoke of those jots, however, never seemed to bo able to got fur out towards 
the sun, but always to be driven back and forced into tho tiiil, as if by tlio action 
of a violent wind sotting against them (always from tho sun), so to make it (dear 
that the tail is neither more or loss than the accumulation of this sort of liiminoiiH 
vapour darted off, in the distance towards the Mca, os it were something raised 
up, and, as it were, exploded hy the sun's heat out of tho kcm(*l, and then innne- 
diately and forcibly turned back repelled /ro7)i\\\o sun.”— Sni John IIicusciiKi., 

Familiar Lectures on Scienfife Sthjerf,^, p. 1 1 fi. 
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sich wie eine kloine, etwas ius gelbliclie spielende, gltiheude 
Kohle von langliclier Dr. Wiunocke describes similar 

colours in the bright Comet of 18G2. “Die Farbe dea Strahls 
erschemt inir gelbrdtlilioli*; die des umgcbenden Nebels (viel- 
leicht aus Contrast) mattbliiidicli.’' “Die Farbe der Auastromung 
ersclieint mir gelblich ; die Coma hat bliiuliches Licht.”*^ 

Now carbon, if incandescent in the solid state, or reflecting, 
when in a condition of minute division, the light of the sun, 
would aflbrd a light which, in comparison with that emitted by 
the luminous vapour of carbon, would appear as yellowish or 
approaching to red. 

The views of comets presented in this paper do not> however, 
afford any clue to the great mystery which suiTOunds the 
enonnous rapidity wdth which the tail is often projected to 
immense distances. There are not any known pro])eTties peculiar 
to carbon, even when in a condition of extremely minute division, 
which would help to a solution of the enigma of the violent 
repulsive power from the sun which ap])ear3 to be excised upon 
cometary matt(*r shoiily filter its expulsion fi'om the nucleus, 
and upon matter in this condition only. It may be tliat this 
apparent repulsion takes place at the time of the condensation 
of the gaseous matter of the coma into the excessively minute 
solid pailicles of which the tail probably consists. There is a 
phenomenon occasionally seen which must not be passed without 
notice, namely, the formation of faint iiaiTow rays of light, or 
secondary tails, which start ofl‘ usually from the la’iglilcst side of 
the ])rincii)al tail, not far from the head. hSir John Hei’scliel^ 
considers that “ they clearly indicate an analysis of the cometic 
imitter by the sun’s repulsive action, the matter of the secondary 
tails being dfirted oil' with incomparably greater velocity (indi- 
cating an incomparably greater intensity of repulsive energy) 
than that which went to form the primary one.” The important 
diflercnces which exist l)etween the spectrum of Rrorsen’s comet 

^ nuoliiu'litiuigcMi iU»H llnll(‘5’m’hcu S. Jl. 

- Ml'iuouvh (le I'Acadoiiiit' Inipi'niiU* iU*h Sciciiirs ilu St. I’tHerHhourg, tome vii. 
No. 7. 

Fiiiiiiliiir Ijccturcs on Scipiililic Siiljjn tn, p 
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and that of Comet II. 1868 appear to show that comets may 
vary in their constitution. If the phenomena of the sccoiidaiy 
tails were observed in a comet which, like Comet II. 1868, 
appears to consist of carbon, the analytical action supposed by 
Sir John Herschel might be to separate hotweeu particles of 
carbon in different conditions, or possibly in a state of more or 
less subdivision. The enormous extent of space, sometimes a 
hundred millions of miles in length, over which a coni])arativuly 
minute portion of cometary matter is in this way diffused, would 
suggest that we have in this phenomenon a remarkahlo iiisluuce 
of the extreme division of matter. Perha})s it would bo too 
bold a speculation to suggest that, under the circuinstauccs 
which attend the condensation of the gaseous matter into 
discrete solid particles, the division may be pushed to its utmost 
limit, or nearly so. If we could conceive the separate atoms to 
be removed beyond the sphere of tlieir mutual attraction of 
cohesion, it might he that they would he affected l)y the sun’s 
energy in a way altogether different from that of which we have 
been hitherto the witnesses upon the earth. 

Though comets may differ in their constitution, releronce mny 
be permitted to the periodical meteors, which have been shown 
to move in orbits identical with those of some comets. If tliese 
consist of carbon, we might have some explanation of the 
appearances presented Ly tliese meteom, though their light is 
doubtless greatly modified by that of the air rendered huniiious 
by their passage, as well as by the degree of ttuiiperature to 
which they are raised. Carhou is abundantly present in some 
meteorites, but we have no certain evidence at present that the 
periodical meteors belong to this class of celestial bodies. 
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[t,koi' VI. 


Plate IV. Strip 4 {cwtimied). 
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rOSlTIONfl OF TIIK LINES OP OERTUM, LANTHANUM, DIDYMIUM, 
PALLADIUM, PLATINUM, UUDIUM, AND IIUTJIENIUM, ON PLATES 
III. & IV. (KIKOllLTlOKF). 

(Tho lines ninrluKl with im nslerink aiipour to oninukto with ilnik linos In tho Solar Spootmm.) 
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IIjECT. \'J. 


EXPLANATION OF ANGSTJiOM AND TIIALKN'S 
TABLES.^ 

In the following Tables we have registered the principal of iho 
iron lines and of the ncio coincidences which we — over and alorc 
those observed by Kirchhoff — have disco vei’ed between a and (i. 
Their position is given in the first column according to the 
measuring scale adopted in Kirchhoff ’s and Hofiiiann’s tables, 
Plates III and IV. The second column gives the relative strmyih 
of the lines, according to the graduation employed in the same 
tables, where 6 indicates the strongest and 1 the weakest lines. 
The third column contains the name of the iiictnl, and the fourth 
the lines already identified by Kircliliofi* with corresponding 
sun lines. The letter K indicates that Kirchhoff has ()l)serv<*d 
the coincidence for the same metal as we, but the otJier signs, Jis 
for example K, Sr, that he found the coiiicidenc-e belong to fi 
strontium line, wliereas wc have found it belong moreover to 
the metal stated in the third column. 
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Plate IV. Strip 2. 
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Instruction pmtifpie sur I’Analyse Spectmle. Paris : Mallet-Bacbelier. 
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Lecture on the Physical and Chemicid Constitution of 
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Tables on pp. 311 to 328. 

Miller, W. A. : 

Lectures on Spectnim Anal 3 'sis (18(52). Pharnin(‘ouiind Jounud, Second 
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MourtsoN, A. : 
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Allen, 0. D. : 

Observations on ell's iimi and Rubidiuin. Silli man’s Journal, Noveinbor 
18G2. Phil. Mag. x\v. 18i). 
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xxv. lJ)a 

AnortiioM^ a. J. : 

Optical Peso i\ relies. Pogg. Ann. xciv. 141. Phil. Mng. Fourth Series, 
ix. 3:27. 
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AiTFlKLI) : 

On the (Carbon Spectruni. Phil. Trans. 18(12, p. 221. 

Ho obtained ri'sulls’ similar to those of^Swaii, but noticed a larger 
niunher of lines, and attributes the lines to the glowing vapour of 
Oarbon. 

B Am NET : 

8ur l.i Piuiigenie. (Josinos, \xv. 3(13 et seii. 

Brashaok : 

On the Eleetriif S])eelrn of the Metals. Zeitsclir. f. d. ges, Naturw. 
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IhlKWHTEU, Sill X) . 

On the Action of Various Colonn'd Bodies on the Spectriiin. Phil. Mag. 
Fourth Scries, xviv. 411. 
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On Pai*agcnic Spectra. Phil. Mag. January lH()f5. 
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Confirms the atomic weight of Crosium to bo 133. 

On the Presence of Lithium in Meteorites. Plul. Mag. Fourth Series, 
xxiii. 474. 

On the Preparation of the Eubidimn Compounds. Phil. Mag. Fourth 
Series, xxiv. 46. 

On the Inversion of the Bands in the Didymium AbsoriDtion Spectra. 
Phil. Mag. Fourth Series, xxviii. 246. Ditto, xxxii. 177. See 
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Bunsen & Bahr *. 

On the Erbium Spectrum. Arm . Oh. Pharui. cxxxvii. 1. 
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Spectra of Eirefied Gases. Phil. Mug. Nov. 1864. 

CmirsTOPLE & Beilstbin : 
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Aim. CheuL Phys. Fourth Series, iii. 280. 

Crookes, W. : 
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Daniel : 
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Pogg. Ann. 1864, exxii. 497. 

Observed continuous spectra by combustion of hydrogen in oxygen 
and chlorine. 

Feusbnbr : 

On the Absorpbion of Light at diffcroiifc Toniporatures. Phil. Mag. 
Fourth Series, xxix. 471. 
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Fizbau : 

On tlio Spectnxin of Biiviiing Socliuni. Ooinpt. Rend. liv. 493. 

A figuro of the pliciiomoua hero obsorved is given in Fig. 63. 
Foucault 

Institut, 1849, p. 46. 

Observed the dark double lino d in the Bpoctrumfrom the Electric Arc. 
Frankland : 

On the Oouiburttion of Hydrogen and Carbonic Oxide in Oxygen under 
groat prossiirQ. Proc, Roy. Soc. xvi. p, 419. See Lecture IIT. 
Appendix D. 

Frabkr, W. : 

On the Spoctmm of Osmium. Chemical Nows, viii. 34. 

GrAMQKM, AllTllUR : 

On the Action of Nitrites on the Blood. Phil. Tnina. 1808, p. 689. 
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dcfined absoriitiou bands of the oxidized colouring matter become very 
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Gassiot ; 

Description of a Largo Bpoctroscopo. Proc. Roy. Soc. 1863, xii, 536. 
SpGctrosco])o with Eleven Prisms. Phil. Mag. Fourth Series, xxviii. 60. 

Gibbs, Wolcott : 

Deflcription of Largo Spectroscope., Silliman’s Journal, Second Series, 
xxxv. 110. 

Gladstone, J. II. : 

On an Optical Test for Didymium. Cliom. Soc. Jouni. 1858, x. 219. 

In this paper the existence of the Didymium Absorption Lines 
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On the Use of the Prism in Qualitative Analysis. Cheni. Soc. Journ. 
X. 79 (1868). 

In this paper the Absorption Spectra of many coloured metallic 
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On the Violet Flame, of many Gblorides. Phil. Mag. Fourth Series, 
xxiv. 417. 

Grandkau, L. : 

RechcvchcB sur la Prdsence do Rubidium et Oiesium dans lea Eaux natu- 
rclles, les Mincraux ct lea Veg^Uxux. Ann. de Chim. et do Phys. 
Troisi6nie Sdrie, Ixvii. 

IlKTNlUCKS : 

On the Distribution of Linos in Spectm. SiUiman’s Jouruid, July 1804. 
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Hugoins, William ; 

On the Spectra of some of the Chemiciil ElcmcntH. Phil. Trans. ISO J, 
p, 131), and Poggendorff^s Ann, 

Giving exact measurement of tho linos of twenty-four metiilfl, 
with maps. For reduced copy of these maps see Plates I. aaid 11., 
end of Lecture IV. 

On the Prismatic Examination of Microscopic Objects. Trausactions of 
the Royal Microscopic Society. Quarterly Journal of Microscopical 
Science, July lH6r). 
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Wave-length Measurement of Metallic Lines. MonatsberioliL tl. K. Pr. 
Aknd. d. Wiaa. zu Berlin, 18(14, p. 032, 
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Chemical Analysis by Spectrum Observiitions. Fir.st Memoir. Pogg. 
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Spectrum of Phosphorescent Light, witli Dark Lines. Phil. Mag. 
Doc. 1807. 

Lamy, a. : 
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de Phys. Troisi6mo SeSrie, Ixvii. 385. 
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On tho Spectrum of the Bessemer Flame. Phil. Mag. Fourth Series, 
xxxiv. 302. 

Contributions to our Knowledge of the Spectra of the Flumes of Gases 
containing Carbon. Phil. Mag. Fourth Series, xxxvii. 203. 

Mascart : 

On the WavQ-length of the Lines of certain Metals, directly determined 
by a Diffraction Grating. Aunalcs Scientilhpics dc TEcole Nonnale 
Superieuie, tome iv. Paris, 1800, 

Masson : 

On the Nature of the Electric Spark, (giving Drawings of the Electric 
Spectra of several Metals. Ann. de Chini. et de Phys. 3'’ Sc^ric-, 
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91 ; cxxvi. 20 i. 
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Phys. and Lit. Essays, ii. 12 (1752). 
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Miller, W. Hallows : 

On the Absorption Bands of Nitrous Acid Gna, kc. Phil. Mag. 
Ikl Series, ii. JlHl, 

Milleu, William Allen : 
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Spectrum produced by the Passage of Light through coloured 
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On the Photographic Trtuisparency of various Bodies, and on the Photo- 
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Note on the Spectnini of Thalliiini. Proc. Roy. Soc. xii. 407. 
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Mithciierligit, Alexander : 

On the Spectra of Ooiupounds and Simple Substances. With Two 
Plates. Phil. Mag. xxviii. 1G9. 
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Morren, M. a. : 
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Plucker explains this by the assumption of several allotropic conditions 
of the element existing at various icmpcratures. 

Robinson, Dr. : 

On Electric Spectra. Phil. Tnuis. 1 803. 
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See footnote to p. J7(i of this work. 
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He shows that rays exist in the nltrarviolet poiiiou at a distance 
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Series, ix. 327. 
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( ‘olonroil stars, 238. 

Comet II. 1868, spectmni of, 263, 297. 
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( ’on 1 poll lids, spectra of, 176. 

(’onliimous spectra from igiiitocl gases 
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272 et on comets, 306 et seq. 

Hydrogen compared with nebular spec- 
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Iron in the solar atmosphere, 105. 


. 1 , 

Janssen, lines of teirestriid ul>, sorption, 
205 ; on the red i>rouiinenee.s, 211. 

.Tnrgonium, a inuv ohmiont, 170. 
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the now alkalies, 111. 

Kirclihoir on Iho history of Hpi'e.trum 
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Lightning, spoetruni of, 1 30. 

Limits of vision, 10. 

Linos of the metals, 113. 

LLhI of Memoirs, &o. on Mpectnim ana- 
lysis, 330. 

List of metals si'on in the sun, 200 ; by 
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Lithium, wide distributioii of, 62 ; blue 
line soon, 65 ; Bpeclmm reactions of, 
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Lockycruud Janssen on the solar eclipse, 
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230. 
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wire, light from buniiug, 

Mapping tho spoplrn, 69. 

Maps ol* tho metallic linos, Htiggins, fol- 
lowing Locturo IV. *, of Htollar spoctroi 
286 ; of tho motnllic linos, Kiichliolf, 
facing Loctnro V. 

Mars, speotmin of, 231 j on tho spoc- 
tmni of, 286. 

Moasurement of the chemical action in 
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Moosuromont of tho linos, 183. 

Molvillo on the yellow soila flame, 91. 

Momoirs on spectniin analysis, list of, 

Motallio lines mapped by KircliholT, 
Huggins, and Augstriim, 142. 

Metallic lines shown on screen, 139. 

Microscopic objects, prismatic examina- 
tion of, 166. 

Micro-bpcctroacopo, constiiiclion oftlio, 
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Miller, "W. Allon, on coloured flanicH, 

94. 

Minerals ozaniinod apcclroscoi)icnlly, 
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Mineral water containing tho new 
alkalies, 96. 
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Nebula*, examination of light of, 243 ; 
luminosity of, 243 ; spectra of tho, 
246 ; Huggins’ ohaervalions of, 282. 

Newton’s discovery of tho composition 
of white light, 6 ; “Opticks, "extracts 
from, 26—36. 

Nitrogen lines, sco Huj^iis’ maps, 
I'latos I, and 11. after Loetiiro IV. 

Nitrogen spectrum, descriplioii of, 131. 

Nitrogen, Hi)eetrum of, Pluto facing 
Lecture VI. No. 9. 

Non-motuls, spectra of the, 130. 

Normal sobii spectnim, on the, by 
Angstrom, 226. 
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OccuiToncc of Iho new alkalies, 98. 
Orion, nelnila in sword-haiidlu of, 248, 
284. 

Oxygon speelrum, doscriplion of, 132. 
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Phosphorus spectrum, doscription of, 
132. 

Photographs of tho snoctnim, 184— 18fJ. 
Photography in tho hluo rays, 19 ; mag- 
nesium light, 36. 

Physical constitution of the sun, 206, 
Ploiiots, atmospheres of the, 231. 
PlUcker’s ox])orimonts on ^os, 106. 
Potassium, spectrum reactions of, 78. 
Principles of spectnim analysis, 63. 
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Rare metals mapped by Thalon, 143. 

Red solar prommonccs, 209, 210. 

Roich and Richter, discovory of indium, 

101 . 

Reversal of sodium apoctruin, 101. 

Roscoo and Clifton, eiroot of increased 
temperature, 172. 

Rubidium and caesium, discovery of, 
06, 

Rubidium, spectnim of, detailed de- 
scriidioii, 113. 

Rutherford's photogi’ni)hH of tlio spoe- 
tnim, 180, 


S. 

Saturn, absorption lines in spectnim of, 
231. 

Screen, spectra thrown on, 47. 

Secchi on a continuous solar H]jcctnun, 
224 ; clnssillcation of stars, 239. 

Selective absorption, 149. 

fiirius, real motion of, 265, 296. 

Sirius spectnim accurately examined, 
290. 

Sodiiiin and iron in the sun’s atiim- 
flphoro, 201. 

Sotlium, general difliision of, 01. 

Sodium, spectrum reactions of, 08. 

Holar mid stellar chemistry, foundation 
of, 180. 

Solar atiuosphore, metals seen in the, 

200 . 

Solar eclij)so of 1800, 208 ; of 1868, 
account of, 216. 

Sohu* speelrmn, intensity in various 
parts of, 1 2. 

Solid substance yielding bright lines, 
175. 

Sorhy, disco vciy of a supposed now olf*- 
meiit, 176. 

Spark spectnim, examination of, 1 41 . 
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Spectra of the alkalies and alkaUno 
eaiths, see Frontispioco ; tlirown ou 
screen, 47 ; mode of mapping, 59 ; on 
the screen, 67 ,* description of a mode 
of mapping, 88 j of gases, 103 ; of 
nitrogen, 106; of gases and solids, 
120 ; of the ^st and socond order 
Plhcker, 182. 

rtpoctroscope for star observations, 232 ; 

on mode of using a, 85. 
fcjpoctroscopea, description of vaiions, 
54 ; of large size, 182. 

Hpectrosoopio observations of the sun, 

210 . 

Speotrum analysis, delicacy of method, 
63 ; advantages ol^ 83 ; application 
of, to steel-making, 109. 

Speotrum reactions of the alkalios and 
cdkaline earths, 68 ; of burning 
sodium, 189 ; of nehulea, 246. 
j^tar dusters and nebulae, 230 ; Electro- 
scope, 282; outburst in t Cnronac, 
241. 

Stellar chemistry, 229 ; methods of 
investigation, 267 j spectra, see Ohro- 
niolith. facing Lecture VI. 
Stokes’s^blood hands, 163. 

Stokes ou the long speotnim of tlu‘ 
electric arc, 148. 

Strontium, spectrum reactions of, 74. 
Sulphur spectiiiin, description of, 132. 
Sim, physical constitution of, 206. 


^T. 

'fables of the metal linos, Hugma, 
164- 171/, of solar lines, Kirohnoff, 


311 ct 8cq,\ of Angstrom's lines, 
826. ^ 

'Tollurio liiK|g,«in|ip of Janssen’s, 205. 
Temperature, olToctspf Increased, 129, 
144, 

Temporoi'y stnra, 241. 

Thallium, spocti’um of, 100. 

Theory of visiou, 9. 

Toxicology, oTd of spoctnun analysis in, 
154. 

Tyndall’s oxporimoiitH on ciiloroaceuce, 
14. 


'■ (J. 

Ultra-violet mys, Hues in, , 184. 


V. 

Varliihlo star’s, 240 ; fi])L*etra of, 271. 
Venus, spectrum of, 231. 


W. 

Wheatstone’s prcUl linos, 137. 

White light, oom position of, 7. 
Wollaston’s discovery of ihii’k solar 
linos, 22. 


Zodiacal light, Bpoctriim of, 228, 


THE END. 
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